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Preface 

This transcript is an essentially unedited version of the 

proceedings of a meeting held to acquaint the industrial community 

with the technical. aspects of the  Orbiting Astronmica l  Observatories 

Project. 

It should be understood that this was not a proposers, bidders, 

or manufacturers' conference, but purely a meeting whereby NASA 

could provide additional information to those companies which have 

shown a continuing interest in this proJect and particularly answer 

the numerous questions which have arisen. 

For clarification of statements made at this meeting it is 

requested that you contact the speakers directly. 

Nancy G .  Roman 
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P R O C E E D I N G S  - - - - - - _ - - - -  
2 3 .  SCHILLING: Good morning, l ad ies  and gent lemen.  

I t  is illy ? lcasu re  t o  welcome you t o  t h i s  b r i e f i n g  s e s s i o n  On 

our  o rb i t i ng  astronomical  o b s e r v a t o r i e s  p r o j e c t s .  Each of YOU 

has  r e c e i v e d  ou r  i n v i t a t i o n  and a t e n t a t i v e  agenda.  We are n o t  

ready y e t  to  l e t  out fo rma l  i n v i t a t i o n s  for  b i d d i n g  on t h i s  

p r o j e c t .  Rather,  w e  have expe r i enced  s i n c e  the las t  few months 

t h a t  many of you have become so i n t e r e s t e d  i n  t h i s  project  t h a t  

we have had wi th  u s  j u s t  a b o u t  everyone i n  t h i s  room, and I t h i n k  

many of you have v i s i t e d  some of o u r  contractors who are merely 

engaged i n  p r e l i m i n a r y  i n s t r u m e n t a t i o n  and  s c i e n t i f i c  development 

We thought  t h e  easiest  way f o r  you, as w e l l  as f o r  us P 

would be t o  p r e s e n t  our p r e s e n t  p l a n s ,  and the  p r e s e n t  s t a t u s  of 

t h i s  p r o j e c t  i n  a g e n e r a l  s e s s i o n  l i k e  t h i s  o n e .  The O r b i t i n g  

Astronomical  P r o j e c t  is one of t h e  p r o j e c t s  i n  o u r  o b s e r v a t i o n a l  

astronomy program. Tbe head  of t h i s  o b s e r v a t i o n a l  astronomy 

.3,-ogramis D r .  Nancy Roman, who w i l l  lead t h i s  s e s s i o n  today ,  

a n d  p r e s e n t  t o  you the  v a r i o u s  s p e a k e r s  assembled a t  t h i s  

t ab l e .  

I want to i n t r o d u c e  to  you a t  t h i s  t i m e  D r .  Nancy 

Roman. 

DR. ROMAN: Thank you. I t h i n k  I had be t te r  s t a y  

seated.  Astronomers have f o r  a long t i m e  wanted to g e t  

beyond the  ea r th ' s  a tmosphere .  The ea r th ' s  a tmosphere  has  t w o  

ve ry  s e r i o u s  e f f e c t s .  F i r s t ,  the  l i g h t  which does g e t  t h rough  

L 
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t h e  atmosphere i s  d i s t o r t e d ,  and s e c o n d l y ,  much of t h e  

r ad ia t ion  does  n o t  g e t  t h m g h  because of molecu la r  a b s o r p t i o n  

i n  t h e  e a r t h ? s  a t imsphere .  

Bal loons  and now s a t e l l i t e s  g i v e  us  the  f i r s t  

o p p o r t u n i t y  to g e t  beyond the  atmosphere and  s t u d y  

r ad ia t ion  from ce les t ia l  s o u r c e s  i n  an u n d i s t o r t e d  form. 

However, a l l  a s t ronomica l  s o u r c e s  w i t h  the  e x c e p t i o n  of 

the  sun  are f a i n t ,  and a lmost  a l l ,  because they  are v e r y  

d i s t a n t ,  are ex t r eme ly  small a n g u l a r l y .  Therefore, you can 

n o t  e x p l o i t  the advantages  of  g e t t i n g  above the  atmosphere 

u n l e s s  you are able to  get up there r easonab ly  l a r g e  sized 

t e l e s c o p e s ,  and u n l e s s  you are able to  keep  t h e s e  

t e l e s c o p e s  p o i n t i n g  a t  one  r e g i o n  o f  t h e  sky  f o r  l ong  

p e r i o d s  of t i m e  to a high degree o f  accu racy .  

/ 

I t  was w i t h  t hese  c o n s i d e r a t i o n s  i n  mind t h a t  w e  

s t a r t ed  the O r b i t i n g  Astronomical O b s e r v a t o r i e s  P r o j e c t .  

The purpose  of t h i s  p r o j e c t  is to  s a t i s f y  these r equ i r emen t s ,  

t h a t  is, t o  g e t  a t e l e s c o p e  of moderate s ize ,  up t o  

p e r h a p s  36 o r  40 i n c h e s  i n  diameter, i n  a s a t e l l i t e ,  which 

c a n  be p o i n t e d  to w i t h i n  a f r a c t i o n  o f  a second of arc 

for  p e r i o d s  as l ong  as the  s ta r  remains  v i s i b l e ,  which 

f o r  t h e  t y p e  of  o r b i t  we are cons ider ing  is abou t  45 

m i n u t e s  to an hour i n  most p o s i t i o n s .  

Now,  i t  is obv ious ly  a f a i r l y  large unde r t ak ing  

to  produce s u c h  a s a t e l l i t e .  I t  is also obv ious  t h a t  these 
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basic requi rements  are necessa ry  f o r  almost any type  of 

a s t ronomica l  experiment  which w e  wish t o  conduct  i n  t h e  

r e g i o n  i n  which o p t i c s  are u s e d .  The re fo re ,  w e  have p lanned  

t h e  s a t e l l i t e  f o r  t h i s  p r o j e c t  w i t h  the  idea t h a t  w e  would 

have a basic s h e l l ,  if you want to ca l l  i t  t h a t ,  which 

w e  have been c a l l i n g  o u r  s tabi l ized p l a t f o r m  s y s t e m ,  i n t o  

which v a r i o u s  types  of opt ica l  i n s t r u m e n t a t i o n  cou ld  be 

i n s e r t e d .  We have d i v i d e d  t h e  r e s p o n s i b i l i t y  o n  t h i s  

p r o j e c t .  NASA is d i r e c t l y  t a k i n g  o v e r  the r e s p o n s i b i l i t y  

for  thestabi l ized p l a t f o r m  s y s t e m  which w i l l  p rov ide  a l l  Of 

t h e  f e a t u r e s  common to  any a s t r o n o m i c a l  exper iment  which w e  

would l i k e  t o  do. T h i s  w i l l  i n c l u d e  t h e  s t a b i l i z a t i o n ,  

gu idance ,  power s u p p l y ,  and  some s o r t  of f i n d e r  sys tem 

to  t e l l  where t h e  t e l e s c o p e  is  p o i n t i n g .  

I n  a d d i t i o n  to  t h i s ,  r e s p o n s i b i l i t y  f o r  i n d i v i d u a l  

exper iments  h a s  been d i s t r i b u t e d  an ong u n i v e r s i t y  and 

o t h e r  s c i e n t i f i c  groups  who are r e p r e s e n t e d  here today .  

I t h i n k  at t h i s  p o i n t  I would l i k e  t o  go a round  

the  t a b l e  and i n t r o d u c e  the  p e o p l e  whom you see here.  

S t a r t i n g  f r o m  t h i s  end,  w e  have D r  . Code, Washburn 

Observa tory ,  U n i v e r s i t y  of Wisconsin.  M r .  T r i p l e t t ,  Ames 

Research C e n t e r ,  an NASA l a b o r a t o r y .  M r .  Robert Davis ,  

Smithsonian Astrophysical Observatory. 

F l i g h t  C e n t e r  of the  NASA. M r .  J a m e s  M i l l i g a n ,  Goddard 

Space F l i g h t  C e n t e r .  D r .  J .  Rogerson,  P r i n c e t o n .  D r .  

Dr. Kupperian of Goddard Space 

i ~ 
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L i l l e r  of the  U n i v e r s i t y  of Michigan Observa tory .  You 

w i l l  hear from each of t h e s e  gent lemen i n  j u s t  a minute .  

I t h i n k  m o s t  of you have r e c e i v e d  t h e  p r e l i m i n a r y  

s p e c i f i c a t i o n s  which were p repa red  at t h e  Ams Research 

C e n t e r  o u t l i n i n g  the gene ra l  r e q u i r e m e n t s  f o r  this p r o j e c t .  

I f  any o f  t h e  companies here  i n  t h e  aud ience  have n o t  

r e c e i v e d  these s p e c i f i c a t i o n s ,  i f  you w i l l  p l e a s e  g i v e  m e  

a s l i p  of pape r  w i t h  your  name and  address, I w i l l  see to  i t  

t h a t  you g e t  a copy w i t h i n  a week or  so. I do n o t  have any 

to d i s t r i b u t e  t h i s  morning, u n f o r t u n a t e l y .  

D r .  S c h i l l i n g  has a l r e a d y  o u t l i n e d  t h e  purpose  of 

t h i s  meet ing .  I t h i n k  you a l l  have t h e  agenda i n  hand. 

The idea is t h a t  each o f  the astronomical g roups  r e p r e s e n t e d  

w i l l  g i v e  a s h o r t  d e s c r i p t i o n  of t h e i r  exper iment .  I w i l l  

t hen  i n v i t e  q u e s t i o n s  from the  audience  on t h a t  p a r t i c u l a r  

exper iment .  A t  the end w e  w i l l  have a d i s c u s s i o n  of some 

of t h e  e n g i n e e r i n g  a s p e c t s  of t h e  p r o j e c t  by the A m e s  

Research C e n t e r ,  and then  we w i l l  throw the meeting open 

t o  g e n e r a l  q u e s t i o n s  on any  p o r t i o n  of t h e  p r o j e c t .  

I hope to be able to  f i n i s h  t h e  major p o r t i o n  of t h e  

meet ing by one o 'clock, but  i f  there  is s u f f i c i e n t  i n t e r e s t  

to c o n t i n u e  i n t o  the a f t e r n o o n ,  t h i s  w i l l  be p o s s i b l e .  

There is one  other p o i n t  which pe rhaps  I shou ld  

mention at  t h i s  t i m e .  The p r e l i m i n a r y  s p e c i f i c a t i o n s  were 

w r i t t e n  i n  terms of t he  Vega v e h i c l e ,  I t  a p p e a r s  now as i f  
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t h e  Vega may be e l i m i n a t e d ,  and i n s t e a d  an Atlas Agena B 

s u b s t i t u t e d .  T h i s  is a very  n e w  development. I d o n ' t  t h i n k  

i t  w i l l  a f f e c t  t h e  program markedly.  I have n o t  had t h e  

t i m e  t o  go i n t o  t h e  c a p a b i l i t i e s  o f  t h e  Agena i n  d e t a i l .  

T h i s  is a v e r y  new development,  as I s a y ,  and i t  s t i l l  is 

n o t  f i r m .  However, i t  l o o k s  l i k e  i t  s h o u l d  be able t o  do 

about  the same j o b  as t h e  Vega. 

With t h i s  I w i l l  t u r n  the  program o v e r  to  t h e  

as t ronomers  -- I w i l l  t a k e  i t  back.  There is one  o t h e r  

person  i n  t h e  audience  I would l i k e  to  i n t r o d u c e  a t  t h i s  

t ime.  T h i s  i s  h l r .  Curran o f  o u r  Procurement D i v i s i o n .  Mr. 

Chrran, w i l l  you p l e a s e  s t a n d ?  If any o f  you have d e t a i l e d  

q u e s t i o n s  o n  procurement p r o c e d u r e s ,  as compared to  

t e c h n i c a l  q u e s t i o n s  on t h i s  p r o j e c t ,  I would a p p r e c i a t e  i t  

if you would d i rec t  i t  t~ M r .  Curran .  

N o w  I would l i k e  t o  t u r n  t h e  meet ing  o v e r  to M r .  

h l i l l i g a n ,  who w i l l  d i s c u s s  t h e  Goddard exper iment  f o r  an 

u l t r a v i o l e t  s t e l l a r  s p e c t r o g r a p h .  

ULTRAVIOLET STELLAR SPECTROGRAPH, NASA 
GODDARD SPACE FLIGHT CENTER, BY J .  MILLIGAN 

MR. MILLIGAN: I would l i k e  to spend a few minu tes  

s k e t c h i n g  o u t  t o  you a t e n t a t i v e  o p t i c a l  d e s i g n  f o r  an 

a s t ronomica l  t e l e s c o p e .  I w i l l  spend  v e r y  l i t t l e  t i m e ,  i f  

any ,  on  t echn iques  of gu idance ,  or things o f  t h i s  s o r t .  I 

w i l l  l e a v e  t h a t  f o r  q u e s t i o n s  l a t e r  o n .  
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(Blackboard demonstrat i on . )  (See Figure) 

MR. MILLIGAN: The t e l e s c o p e  t h a t  w e  are 

e n v i s i o n i n g  w i l l  p robably  t ake  t h e  form of something of 

t he  sor t  I am s k e t c h i n g  o u t  on t h e  board. A t  least  i t  w i l l  

be able to f i t  i n t o  t h e  o v e r a l l  c o n s t r a i n t s  t h a t  I a m  g i v i n g  

you. The telescope w i l l  c o n s i s t ,  that is, the c o l l e c t i n g  

o p t i c s  w i l l  cons is t  of & 36 inch  mirror  which w i l l  be 

o p e r a t i n g  probably  around F-1, and a secondary  which w i l l  

p u t  a r e t u r n  beam through the  hole  i n  the  pr imary  mir ror  

of about  F-5. S i n c e  t h i s  i s  a 36 i n c h  mirror,  t h i s  d i s t a n c e  

from here to h e r e  w i l l  be of t h e  o r d e r  of somewhere between 

30 and 36 i n c h e s ,  something of t h a t  order of magnitude. 

The l i g h t  w i l l  then  come through a diaphragm here o n  

a collimating mirror ,  back i n t o  t h e  te le  s cope ,  on to a 

large g r a t i n g ,  on to a camera h e r e ,  ove r  to a detector sys tem.  

Now, t h i s  sys tem is  b e i n g  des igned  fo r  

s p e c t r o m e t r y .  We are a s k i n g  fcrmoderate to l o w  r e s o l u t i o n .  

We a r e  more i n t e r e s t e d  i n  WwetrY than w e  are i n  h igh  

r e s o l u t i o n  m r k .  We are t a l k i n g  i n  terms of the  spectral 

r e s o l u t i o n s  v a r y i n g  from one angstrom, which w i l l  be o u r  

bes t  r e s o l u t i o n ,  t o  r e s o l u t i o n s  of the order of 50 

angstroms. T h i s  t e l e s c o p e  is being  des igned  f o r  t w o  purposes.  

One, to g e t  a b s o l u t e  energy  d i s t r i b u t i o n s  o f  stars i n  

t h e  wavelength r e g i o n s  from 4,000 angstroms t o  1,000 

s n g s t r o m .  The  second t h i n g  t h a t  we  want to  u s e  i t  f o r ,  w e  
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Want t o  ge t  s p e c t r a  o n  an  a b s o l u t e  basis of emiss ion  nebulae 

which occur  in the  s k y  and i n t e g r a t e d  s t e l l a r  sys tems,  t h a t  

is,  g a l a x i e s .  So w e  have e s s e n t i a l l y  t w o  d i f f e r e n t  p u r p o s e s .  

I n  o n e  case,  w e  are d e a l i n g  w i t h  a p o i n t  s o u r c e  in  t he  sky. 

I n  t h e  o t h e r  case w e  are dealing w i t h  an ex tended  r e g i o n .  

Our guidance  a c c u r a c i e s  i n  the t w o  cases w i l l  be 

a l i t t l e  b i t  d i f f e r e n t ,  s a y  fmm t h e  p o i n t  s o u r c e  here 

f o r  t h e  extended r e g i o n ,  c a l l e d  No. 2 .  From the p o i n t  

Source i t  l o o k s  as though w e  are go ing  t o  need guidance  

accuracy  of the  order of one  second of arc f o r  periods Of 

t h e  order of 40 seconds. That  is, w e  want the  d r i f t  

w i t h i n  a n e r i o d  of 40 seconds  to be no g r e a t e r t h a n  one  Second 

of =c* On the  ex tended  emiss ion  r e g i o n s  w e  w i l l  be 

v e r y  happy i f  w e  can g e t  g u i d i n g  a c c u r a c i e s  of the order of 

O ~ m i n U t e  of arc f o r  a per iod  o f ,  l e t  u s  s a y ,  25 minu tes .  

A t  the  p r e s e n t  t i m e  t h e  p l a n  is to u s e  one  o r  more 

p h o t o m u l t i p l i e r s  as a d e t e c t i o n  sys tem.  These photo- 

m u l t i p l i e r s  w i l l  have slits i n  t h e  f r o n t  of them, and each 

one of them w i l l  be l o o k i n g  a t  a c e r t a i n  wavelength  band. 

T O  produce scann ing  of t h e  spe t rum i n  t h e  o b s e r v a t o r y ,  i t  

looks as though w e  are go ing  t o  have to ro ta te  t h i s  grating 

i n  f i n i t e  s t e p s  eve ry  20 seconds ,  someth ing  of t h i s  s o r t .  

That  is one r e a s o n  I gave guidance  of one  s e c o n d  accuracy  

i n  t h e  period of t h e  order of 40 s e c o n d s .  

The detectors  w i l l  be u s e d  as photon  c o u n t e r s  

4 
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and t h e  r e a d o u t  sys tem w i l l  be something a s  fo l lows .  We w a n t  

t o  have data of the  order of one  p e r  c e n t  accu racy .  T h i s  i; 

v e r y ,  v e r y  d i f f i c u l t  to do i n  a t e l e m e t r y  sys tem s u c h  as we 

are probably  go ing  t o  be d e a l i n g  w i  th i n  a s a t e l l i t e .  The 

way w e  are g o i n g  t o  be able to  do t h i s ,  w e  want to be able 

t o  c o u n t  these photons  i n  each one of t h e  detectors so 

t h a t  photon-wise w e  w i l l  have a c c u r a c i e s  o f  the order of 

one p e r  c e n t  w i t h  a f i n a l  accuracy  of . l  per c e n t .  The 

way w e  are p l a n n i n g  on doing t h i s  at the  p r e s e n t  moment is 

to  e s s e n t i a l l y  c o u n t  on each one o f  these detectors 

and measure t h e  t i m e  i n t e r v a l  i t  takes fo r  u s  to 

c o u n t  a c e r t a i n  number of c o u n t s .  

We w i l l  t h e n  s tore  the  t i m e  i t  t a k e s  for  t h e  

detector t o  coun t  t h e  c o u n t s ,  and te lemeter  the i n f o r m a t i o n  

back to t h e  ground.  So e s s e n t i a l l y  what w e  w i l l  be 

t e l e m e t e r i n g  back is not  the  number of c o u n t s  t h a t  we 

r e c e i v e ,  but t h e  number of c o u n t s  which w e  f e e l  is n e c e s s a r y  

to produce  thestat is t ical  accuracy  tha t  w e  need ,  and w e  

are t e l e m e t e r i n g  t h i s  informat ion  back i n  t e r m s  of a t i m e  

sys tbm,  t h a t  is t e l e m e t e r i n g  back t h e  t i m e  i t  takes to 

d e v e l o p  t h e s e  numbers of coun t s .  

DR. MEINEL ( K i t t  Peak N a t i o n a l  Observa tory)  : That  

is o n l y  one per c e n t  basic accuracy .  

MR. MILLIGAN: I said to t h e  order -- t h i s  number 

is a free-parameter at  the p r e s e n t  moment. 
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DR. MEINEL: Ten to the s i x t h ?  

MR. MILLIGfN T h i s  number is o n l y  a free-parameter 

a t  the  moment. T h i s  means t h a t  as w e  s can  a s te l la r  

spec t rum,  we are going  to  have to have storage of o u r  data.  

We f e e l  t h a t  t h i s  is p a r t  of o u r  experiment  so that  w e  w i l l  

hand le  t h i s  o u r s e l v e s .  We w i l l  supp ly  a data storage 

sys tem and make i t  compa t ib l e  w i t h  the t e l e m e t e r i n g  sys tem.  

A t  the p r e s e n t  moment i t  l o o k s  as though w e  are 

g o i n g  to  have t o  go to a core type  memory i n s t e a d  of a 

t a p e  r e c o r d e r .  A s  far as t e l e m e t r y  goes ,  i t  looks as though 

t h e  basic  experiment  w i l l  be e a s i l y  handled  by t w o  c h a n n e l s  

of in fo rma t ion .  One, f o r  example,  c o u l d  be an FM, which 

is n o t  at a l l  d e f i n i t e ,  an FM sys tem,  l e t  u s  s a y ,  w i t h  a 

1 KC band w i d t h .  The second one  w i l l  be a lower f r equency  

c h a n n e l ,  l e t  u s  s a y  of the order of a t e n t h  of a KC band, 

which w e  w i l l  commutate to read back i n f o r m a t i o n  s u c h  as 

c h a r a c t e r i s  tics of t h e  detectors ,  v o l t a g e  , and t h i n g s  of 

t h a t  so r t .  T h a t  i s , env i ronmen t  t y p e  d e v i c e s .  

As f a r  as t h e  accuracy  goes, t h i s  is a l l  the  

t e l e m e t e r i n g  r equ i r emen t s  w e  see at t h e  moment other than  

the  t e l e m e t e r i n g  r equ i r emen t s  which are r e q u i r e d  fo r  t h e  

e n g i n e e r i n g  a s p e c t s  of t he  sys tem.  

To obtain t h e  one second of arc g u i d i n g  accu racy  

is somewhat of a problem r i g h t  now. We are n o t  at  a l l  s u r e  

whether o u r  experiment  has  i n  i t  t h e  c a p a b i l i t y  of g i v i n g  us 
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an/ s i g n a l  which w i l l  allow a guidance  system, i n  the 

s a t e l l i t e ,  to  p o i n t  to one second of arc. There is a 

p o s s i b i l i t y  of u s i n g  t h e  z e r o  order image i n  t he  spec t rum.  

W e  are look ing  i n t o  i t .  We do not  have a s o l u t i o n  at the 

p r e s e n t  moment. 

Now, exposure times, l e t  u s  s a y  on an i n d i v i d u a l  

s tar ,  f o r  one angstrom r e s o l u t i o n ,  the  minimum exposure 

t i m e  w i l l  probably be of t h e  order of f i v e  minu tes .  The 

maximum exposure t i m e  is probably o f  the order of 200 

minutes  f o r  a star w i t b  one angstrom r e s o l u t i o n .  If we go 

down to  o u r  bandwidth of 50 angstroms r e s o l u t i o n ,  the  

exposure t i m e s  here a re  about t h e  same. T h i s  is of the  

order of f i v e  minutes  a g a i n ,  and t h i s  t i m e  up here has  

been  c u t  down maybe a f a c t o r  of t e n ,  something l i k e  t h a t ,  

of the order of 20 minutes.  So i t  w i l l  take between f i v e  

minutes  and 20 minutes  f o r  u s  t o  look a t  a p a r t i c u l a r  

object and  get a l l  the  data back. 

T h i s  p r e s e n t s  a problem because  i t  looks l i k e  an 

awful  l o t  of objects can  be g o t t e n  i n  t h i s  f i v e  minute 

period of  t i m e .  So t h i s  means i f  you work o n l y  the f i v e  

minu tes  of t i m e  to get the k i n d  a€ s t a t i s t i c s  t h a t  w e  

deem n e c e s s a r y ,  there w i l l  be a la rge  p a r t  of the o r b i t  o v e r  

which our i n s t r u m e n t s  may n o t  be g a t h e r i n g  data f o r  u s .  

Unless  the i n s t r u m e n t  has the f a c i l i t y  of be ing  able to  be 

programmed at least to  a small amount i n  advance from the 
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ground, that  is, af ter  a certain o b j e c t  is f i n i s h e d ,  w e  

might be a b l e  t o  program t h e  t e l e s c o p e  t o  start f i n d i n g  

some other  object i n  t h e  s k y ,  something of t h i s  so r t .  There 

is one addi t iona l  e n g i n e e r i n g  th ing  we are go ing  to need in  

t h e  t e l e scope .  That is, w e  are go ing  to have to have some 

way of disabl ing o r  keeping  t h e  sys tem from look ing  a t  t h e  

s u n .  Now, t h i s  cou ld  be done, l e t  u s  s a y ,  i n  a couple  of 

d i f f e r e n t  ways. One, w e  c o u l d  p u t  a s h u t t e r  across t h e  

pr imary mirror such  t h a t  when i t  got  too close to the sun  

i t  would c l o s e .  T h i s  is one p o s s i b i l i t y .  Another 

p o s s i b i l i t y  might be t h a t  one would have a photo  c e l l  sys tem 

of some sor t ,  which, i f  t he  l i g h t  w a s  above a ce r t a in  

amount, it would disable t h e  sys t em and move i t  away f r o m  

the s u n .  How t h i s  is  go ing  t o  work at t h e  w e s e n t  moment 

is mainly an  e n g i n e e r i n g  de te rmina t ion  o f  what  sort  of 

sys tem fits best  i n t o  t he  o v e r a l l  c a p a b i l i t i e s  of the  system. 

I think I had be t t e r  s t o p  r i g h t  now. I s h a l l  

be glad t o  answer any q u e s t i o n s .  

DR. ROMAN: Thank you. Before you do, I t h i n k  

there are p e o p l e  stLnding. I b e l i e v e  there are tm or  t h r e e  

seats  over  on  t h i s  s ide  of the a u d i t o r i u m  i f  you would l i k e  

to t r y  to  f i n d  them. 

I would a l s o  r e q u e s t  t h a t  f o r  t h e  sake of t he  

r e p o r t e r  before you ask a q u e s t i o n ,  you s t a t e  your  name 

and company. 
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F i n a l l y ,  one o t b r  announcement which  I should 

have made ea r l i e r ,  and t h a t  is t h a t  there may be 

r e p r e s e n t a t i v e s  of t h e  p r e s s  here. 

Now,  are there any  q u e s t i o n s  o n  t h e  Goddard 

exper iment ,  the  s t e l l a r  spectrophotometer? 

DR. HELVEY (Radiation I n c , )  : J u s t  one q u e s t i o n ,  

You mentioned t h a t  d a t a  storage sys t em w i l l  be f u r n i s h e d  or 

w i l l  be manufactured in-house,  a t  your  p l a c e .  I n  o t h e r  words 

i t  would n o t  be farmed o u t  to i n d w t r y .  I s  t h a t  r i g h t ?  

MR. MILLIGAN: N o .  S i n c e  w e  c o n s i d e r  t h i s  p a r t  

of t h e  experiment  e s s e n t i a l l y ,  we f e e l  t h a t  s i n c e  i t  is 

so c r u c i a l  to o u r  experiment  t h a t  w e  w i l l  c o n s i d e r  i t  p a r t  

of o u r  expe r imen ta l  a p p a r a t u s  and t h a t  t h e  weight  a l l o c a t i o n  

p robab ly  and t h e  a u t h o r i t y  o r  the blame w i l l  be p l a c e d  upon 

theexpe r imen te r  t o  have a workable sys tem.  I a m  n o t  s a y i n g  

t h a t  w e  are going to b u i l d  the sys t em in-house.  Obviously 

w e  d o n ' t  have the c a p a b i l i t y .  

DR. HELVEY: Y e s ,  because  we  have s p e c i a l  

c apab i l i t i e s  i n  t h i s  f i e l d .  That  is why I asked t h e  q u e s t i o n .  

DR. ROMAN: I t h i n k  perhaps  t he  main d i s t i n c t i o n  

as to whether  these t h i n g s  are t h e  r e s p o n s i b i l i t y  of the 

NASA d i r e c t l y  or  of  the i n d i v i d u a l  expe r imen te r s  is t h a t  

t h e  c o n t r a c t s  f rom the NASA p a r t  of t h e  program w i l l  be 

l e t  d i r e c t l y  from h e a d q u a r t e r s  h e r e ,  whereas  as f a r  as the 

aspects which are invo lved  w i t h  t h e  i n d i v i d u a l  expe r imen te r s ,  
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they w i l l  be handled  by t h e  experimenters. 

DR. HELVEY: Thank you. 

MR. HALLOCK (Gruman Aircraft Corpora t ion )  : Can YOU 

e l a b o r a t e  o n  t h e  g r a t i n g  d i s t a n c e ?  

MR. MILLIGm: The g r a t i n g  w i l l  p robably  be a 

p l a i n  g r a t i n g .  I t  w i l l  p robab ly  be a 15 ,000  l i n e  

g ra t ing  of t h e  order of 10 i n c h e s  across. 

MR. MITCHELL (Boeing Airplale  Company) : I n  t a l k i n g  

a b a u t  t h e  gu idance ,  t h e  p o i n t  s o u r c e ,  you mentioned one 

second of arc, and t h e p  c a l l e d  i t  " d r i f t " .  Is i t  

a b s o l u t e  p o i n t i n g  accu racy  or is i t  a rate whim is more 

c r i t i c a l ?  

MR. MILLIGAN: The t h i n g  w e  want to be able to  do 

is to  hold  t h e  t e l e s c o p e  p o i n t i n g  a t  a s tar  w i t h i n  one  

second of arc fo r  a p e r i o d  o f ,  l e t  u s  s a y ,  40 seconds .  

N o w ,  i t  can d r i f t  p l u s  o r  minus t h a t ,  p l u s  o r  minus a 

h a l f  second of arc d u r i n g  t h o s e  40 seconds .  

MR. MITCHELL: What is t h e  a b s o l u t e  p o i n t i n g  accu racy  

you need tD s ta r t  with? The f i e l d  of v iew I t h i n k  w a s  one 

d e g r e e .  

MR.MILLIGAN: TIE f i e l d  o f  view o n  t h i s  w i l l  be 

of  t he  o r d e r  hn arc, a t  l ea s t  as fa r  as o u r  exper iment  

goes, of t h e  o r d e r  of t h r e e  seconds  o f  arc. 

DR. ROMAN: T h i s  means t h a t  t h e  p o i n t i n g  w i l l  

have t o  be w i t h i n  a f e w  seconds  of arc. 
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hlR. MILLIGAN: And a f te r  w e  lock o n t o  i t ,  we w i l l  

have t o  h o l d  t h a t  accuracy  p l u s  o r  minus one ha l f  second of 

arc.  

MR. KIRCHOCK: ( P i e r p o n t ) :  Have you c o n s i d e r e d  

the use  of a l i g h t  f u n n e l  t o  reduce  t h e  a c c u r a t e  p o i n t i n g  

requi rement  of the  spectrometer? 

MR. MILLIGAN: No, w e  have n o t .  A c t u a l l y ,  t h i s  

project has o n l y  been under  way a shmt  period of t i m e .  

We have a l o t  of d e s i g n  work l e f t  to do on  o u r  expe r imen t ,  

an awful  lo t  of i t .  

DR, ROMkN: Am I r i g h t  i n  t h i n k i n g  t h a t  a l i g h t  

f u n n e l  w u l d  n o t  s o l v e  the @roblern because t h e  problem 

is to exc lude  o ther  r e g i o n s  of t h e  sky? I t  is n o t  a 

matter of f u n n e l i n g  the l i g h t  i n t o  a s m a l l  r eg i an  of the  

i n s t r u m e n t  . 
Any o the r  q u e s t i o n s  on t h i s  experiment?  

MR. TRIPLETT: You mentioned one second of 

arc guidance  for 40 seconds .  L a t e r  on  you spoke of exposure 

t i m e  of f i v e  minules. 

MR. MILLIGAN: Each sample will be t aken  

on t h e  order of 40 seconds ,  Then w e  w i l l  have t o  move the  

g r a t i n g .  I t  w i l l  have t o  come back on a g a i n  and hold 

i t  f o r  a g i v e n  p e r i o d  of t i m e .  

QUESTION: The problem of the l i g h t  f u n n e l  is n o t  

so much the  ex tended  r e g i o n  of the sky, b u t  to  ma in ta in  the 

caUimatii.m- You have t o  f i l l  the  collimator and n o t h i n g  
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e l se .  

DR. ROMAN: Any o t h e r  q u e s t i o n s  o r  comments from 

t h e  audience on t h i s ?  

I n  t h a t  case w e ' w i l l  p roceed  to i t e m  3 on o u r  

agenda, t he  U l t r a v i o l e t  Photometer ,  t he  U n i v e r s i t y  of 

Wisconsin,  and I w i l l  a s k  Dr. Code to d i s c u s s  t h i s  

ins t rument  . 
ULTRAVIOLET PHOTOMETER, UNIVERSITY 
OF WISCONSIN, BY DR. A .  D.  CODE. 

DR. CODE: L e t  m e  s a y  something first about  t h e  

a s t r o p h y s i c a l  problems t h a t  w e  are concerned w i t h .  I 

t h i n k  you w i l l  see t h a t  t h e r e  is s i m i l a r i t y  i n  t h e  

problems t h a t  w e  are d e a l i n g  w i t h ,  and those of a l l  t h e  

s t e l l a r  exper iments ,  t h a t  which w a s  d e s c r i b e d  by D r .  

Kuperian and t h e  P r i n c e t o n  program, i n  t h a t  w e  are 

i n t e r e s t e d  i n  measuring t h e  r a d i a t i o n  from s te l la r  o b j e c t s  

and from gaseous. nebu la  or  i n t e r s t e l l a r  g a s  i n  a 

r e s t r i c t e d  wavelength r e g i o n .  

A t  t h e  U n i v e r s i t y  of  Wisconsin f o r  a number of 

y e a r s  w e  have been concerned wi th  t w o  problems i n  which 

t h e  e x t e n s i o n  to the u l t r a v i o l e t  is j u s t  a l o g i c a l  

e x t e n s i o n .  One is t h e  energy  d i s t r i b u t i o n  o f  stars. The 

second is i n t e n s i t i e s  o f  emiss ion  l i n e s  i n  gaseous n e b u l a .  

What w e  r e a l l y  want to know are, l e t  u s  s a y ,  t h e  number of 

e r g s  p e r  second p e r  s q u a r e  centimeter p e r  angstrom i n c i d e n t  
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o n  t h e  o u t s i d e  of the  earth’s atmosphere from a s t e l l a r  

s o u r c e .  

(Blackboard demonstration,) 

DR, CODE: F o r  exanple ,  if w e  p l o t  the energy  

as a f u n c t i o n  of wavelength for a s ta r  similar t o  the s u n ,  

s a y ,  w e  can de te rmine  such  an energy curve  from one  or t w o  

mic rons  to .3 of a micron,  and t h i s  p r e t t y  wel l  i n c l u d e s  

a l l  t h e  energy  d i s t r i b u t i o n  of t h e  s t a r .  We have good 

l e v e r a g e  when comparing the energy  d i s t r i b u t i o n  of the s tar  

w i t h  theory.  

L e t  me ex tend  t h i s  a x i s  on down to  the u l t r a v i o l e t .  

For the hot te r  stars,  s a y  a star that is e q u a l l y  b r i g h t  

i n  t h e  pho tograph ic  r e g i o n ,  w e  expec t  t h e  energy  

d i s t r i b u t i o n  to l a o k  something l i k e  t h i s .  Most of t h e  

ene rgy  w i l l  be i n  the u l t r a v i o l e t .  I n  other  words, w e  make 

o b s e r v a t i o n s  of t h i s  p a r t  of t h e  spectrum. We are n o t  

l e a r n i n g  much of t h e  s t e l l a r  energy  d i s t r i b u t i o n .  Therefore 

w e  are n o t  able to f i t  t h e o r e t i c a l  computat ions f o r  s t e l l a r  

a tmospheres  to t h e  o b s e r v a t i o n s  w i t h  ag g r e a t  c e r t a i n t y .  A t  

the p r e s e n t  t i m e  w e  obse rve  energy  d i s t r i b u t i o n s  w i  t h  a 

band width of the order of 10 angstroms by a scann ing  

s p e c t r o g r a p h  similar to  tha t  which D r  . Kuperian described, 

a r o t a t i n g  g r a t i n g .  We scan  across the spec t rum and d e r i v e  

s u c h  energy  cu rves .  An impor t an t  f e a t u r e ,  however, is that 

we have to  have the  in s t rumen t  calibrated. We want to  know 
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what t he  s e n s i t i v i t y  f u n c t i o n  of the whole in s t rumen t  is, 

a t  any ra te .  I t  is n o t  so impor t an t  to  know e x a c t l y  

how many ergs p e r  s q u a r e  c e n t i m e t e r  p e r  second.  We want to  
I 

know t h a t  there is twice as much energy here as here .  F o r  

t e r res t ia l  observatAons,  t h i s  is s imple  i n  a way. I t  is an  

ex t remely  d i f f i c u l t  p r o p o s i t i o n ,  b u t  a t  l e a s t  w e  can  

obse rve  some s t a n d a r d  r a d i a t i o n  source ,  and  then obse rve  the  

stars. 

For o b s e r v a t i o n s  i n  t h e  u l t r a v i o l e t  fmm a space 

v e h i c l e ,  w e  are going  t o  have to calibrate t h e  in s t rumen t  

and then hope t h a t  t h i s  c a l i b r a t i o n - r e m a i n s  o r  b u i l d  i n  

some way of checking  t h e c a l i b r a t i o n .  Now, there is one b u i l t  

i n  way f o r  checking  t h e  c a l i b r a t i o n ,  and t h a t  is to keep  

go ing  back to t h e  same s t a r .  S i m i l a r l y  w i t h  bandwidths 

of the order of t e n  angstroms one c a n  measure t h e  

i n t e n s i t y  of the  emiss ion  l i n e s  and d i f f u s e  nebu la ,  and 

f r o m  these l i n e s  p o s s i b l y  de t e rmine  t h e  t empera tu res  of 

t h e  nebula ,  d e n s i t y ,  and  p o s s i b l y  someth ing  abou t  the  s p a c e  

d i s t r i b u t i o n  of the  gasses, too, t he  non-uniformity d e n s i t y  

of the d i s t r i b u t i o n .  But  wha t  w e  are n o t  able t o  do i n  

t h i s  case is s e p a r a t e  v e r y  w e l l  t he  e f f ec t s  of d i f f e r e n t  

chemical composi t ions from e f f ec t s  of t empera tu re  and 

d e n s i t i e s ,  There is some of t h e  order of 100 emiss ion  l i n e s  

t h a t  you would expec t  from t h e  r e g i o n  of 1,000 angstroms 

to 3,000 angstroms that  would g i v e  you a great deal of 
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l eve rage  o n  t h i s  problem. So w e  would l i k e  t o  carry ou t  t h e  
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same k i n d  of o b s e r v a t i o n s  w e  have been making i n t o  t he  r e g i o n  

from 1,000 angstroms t o  3,000 azlgstromns. I n i t i a l l y ,  w e  thought  

that/considerable amount be l e a r n e d  from wider  band Kidths, 
a 

a m u l t i c o l o r  photometry.  By wider bandwidths I mean del ta  

lambdaof t h e  order  o f  100 angstroms,  and t h a t  w e  c o u l d  p robab ly  

i so la te  t h e s e  bandwidths w i t h  combina t ions  of the spectral 

r e sponse ,  of d e t e c t o r s  and f i l t e r s .  I n  s u c h  a photometer ,  

t h e n ,  t o  s k e t c h  i t  roughly  we have managed pe rhaps  get t ing 

four s imul t aneous  measurements i n  f o u r  d i f f e r e n t  wavelengths  

from t h e  u l t r a v i o l e t  w i t h  four s e p a a t e  o f f - a x i s  p a r a b o l o i d s .  

We are look ing  down a t  t h i s  d e v i c e .  Here are 

the f o u r  mirrors and the focus fo r  each one is brought  off  

to t h e  s ide  h e r e  through diaphragms t h a t  w e  c a n  change and 

f i l t e r s  t h a t  w e  can change t o  a s m a l l  mirror w i t h  a f i e l d  

lciiis and  p r o j e c t  an image of t h e  t e l e s c o p e  object ive on 

t o  a p h o t o m u l t i p l i e r .  Then t h i s  s y s t e m  would i n c l u d e  both 

the a c q u i s i t i o n  of the  star o r  t he  f i n d i n g  of t h e  object and 

the measurements. The procedure  would work something l i k e  

t h i s .  When w e  are hun t ing  f o r  t h e  s ta r ,  w e  would i n c o r p o r a t e  

a s e t  of so lar  aspect cel ls  that  would t e l l  u s  the a n g l e  

between the  o p t i c a l  a x i s  of t h e  t e l e s c o p e  and t h e  d i r e c t i o n  

of t h e  sun  to,  l e t  u s  s a y ,  one degree. Then w e  know t h a t  

t h e  telescope is p o i n t i n g  somewhere i n  t h i s  one degree cone ,  

s c a n  a round w i t h  two of t h e s e  p h o t o m u l t i p l i e r s  o p e r a t i n g ,  w i t h  
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one degree  diaphragms, one of them a ye l low f i l t e r  and one  of 

them a blue f i l t e r .  So if w e  g e t  a d e f l e c t i o n ,  t h i s  is  a 

s t a r  somewhere i n  t h i s  one degree  cone.  We have measured t h e  

b r i g h t n e s s  i n  t h e  ye l low and the  color ,  t h i s  yel low-blue 

base l i n e ,  t h i s  is s u f f i c i e n t  to  t e l l  u s  the name of t h e  Star.  

Then we would p u t  i n  a diaphragm of t h e  order of  f i v e  minutes  

of arc, and  a t t e m p t  to c e n t e r  t h e  star i n  t h i s  diaphragm 

and then  w e  are  r eady  to  make t h e  o b s e r v a t i o n s  i n  whirh 

case a l l  f o u r  c e l l s  are o p e r a t i n g  at  f o u r  d i f f e r e n t  u l t r a -  

v i o l e t  bandwiahs.  w i t h  1 0  minu te / a rc  diaphragms. 
of 

Now, i f  w e  wanted to o b s e r v e  e a r l y  type  hot stars 

w i t h  10 inch  mirrors and,  l e t  u s  s a y ,  something l i k e  10 

per c e n t  e f f i c i e n c y  f o r  the  o p t i c s  and a 20 p e r  c e n t  quantum 

e f f i c i e n c y ,  as some kind of g u e s s ,  w i t h  a 100 angs t rom ban+ 

widthand a star t h a t  is s i x t h  magnitude p h o t o g r a p h i c ,  w e  

would be d e a l i n g  w i t h  someth ing  of t he  order of 3,000 

p h o t o e l e c t r o n s  p e r  s econd  o r / s i g n a l  to n o i s e  r a t io  of t h e  

order of  50 to  60 fo r  a measurement i n  one  second .  T h i s  of 

c o u r s e  is a g u e s s ,  The purpose  of the exper iment  is to  

r e a l l y  f i n d  o u t  how good t h e  g u e s s  of the  number of 

e v e n t s  is. T h e r e f o r e ,  s i n c e  w e  r e a l l y  d o n ' t  know how 

b r i g h t  these  objects would be, and  w e  would l i k e  t o  work 

o v e r  a range of d e n s i t i e s ,  w e  would l i k e  to have a dynamic 

r ange  of the  order of 10 to t h e  s i x t h ,  and  we  would l i k e  to  

ach ieve  a one p e r  c e n t  accu racy  i n  the measurement.  

1 

a 
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Now, w e  have imagined perhaps doing i t  i n  t h i s  

manner .  F i r s t  of a l l ,  while you are searching you would have 

to have con t inuous  t r ansmiss ion  c;f data so t h a t  as you pass 

o v e r  the star you know r i g h t  then  tha t  you have the object .  

So t h a t  we have imagined some system of t h i s  sor t .  

L e t  u s  s a y  here is one  of the  photometers .  We 

would u s e  t h i s  photometer to  moderate an  a u d i o o s c i l l a t o r  and 

a c t u a l l y  t w o  for each of the photometers; one t h a t  would 

g ive  t h e  g a i n  of t h e  a m p l i f i e r  i nvo lved  i n  t h i s  photometer 

and a n o t h e r  t h e  c o u n t s .  For example, suppose  w e  p r e s e n t  

t h i s  i n  an  analogue way. Here is a d e f l e c t i o n  from the star.  

If t h i s  d e f J e c t i o n  exceeds  80 per c e n t ,  then  w e  change i t  

a g a i n  by a factor of t e n .  If the  def lect ion d rops  back down 

to the order of 30 p e r  c e n t ,  then  the g a i n  changes.  That  is, 

the  g a i n  is going  to be c o n s t a n t  ove r  this r ange  from 30 to  

80 per c e n t .  So w e  would g i v e  the g a i n  of the a m p l i f i e r  

and the d e f l e c t i o n  w i t h  that  g a i n .  Then t h i s  m u l d  be s e n t  

ou t  w i t h  a n  FM t r a n s m i s s i o n .  When w e  are a c t u a l l y  making 

the o b s e r v a t i o n s ,  w i t h  t he  o s c i l l a t o r ,  p u l s e  s h a k e r ,  

w e  coun t  t h e  p u l s e  and s t o r e ,  there are t w o  b i n a r y  c o u n t e r s  

f o r  t h e  g a i n ,  and the d e f l e c t i o n s ,  w e  can  s tore  these, 

perhaps w i t h  a t a p e  recorder, or t r a n s m i t  the p u l s e s  

d i r e c t l y .  

I t  is some sys tem l i k e  t h i s  t h a t  w e  imagined for  

the  s imple  photometer  i n  which case the band as fa r  as the 



22 

s e r v o  loop  i n  f i n d i n g  the  s t a r ,  i t  means t h a t  t h e  p r e s e n t a t i o n  

of t h e  d a t a  a t  t h e  ground s t a t i o n  h a s  t o  be q u i t e  f a s t  and 

e f f i c i e n t .  We want to  be ab le  to make a d e c i s i o n  r i g h t  now 

i n  order to c e n t e r  t h e  s tar  i n  t h i s  diaphragm. 

Now, the  nex t  log ica l  e x t e n s i o n  is to narrow 

the  bandwidth and a la rger  choice of  bndwid'bhs, . which 

leads u s  to  a s p e c t r o g r a p h  similar to  t h a t  described by Dr. 

Kuperian.  The one f e a t u r e  t h a t  I might  p o i n t  out is t h i s .  

From the standpoint of, l e t  u s  s a y ,  gu idance  fo r  a g i v e n  

a s t ronomica l  problem, s p e c t r o p h o t o m e t r i c  problem, a 

p e r t i n e n t  q u a n t i t y  i s  t h e  r a t io  of t h e  a n g u l a r  p a t c h  of 

t h e  sky  which you c a n  t a k e  i n  w i t h  y o u r  e n t r a n c e  diaphragm 

or sl i t  to t h e  spec t ra l  r e g i o n  you c a n  i s o l a t e ,  r a t io  of 

a n g u l a r  r e s o l u t i o n  to  s p e c t r a l  r e s o l u t i o n .  \Ye m u l d  l i k e  

t h i s  number t o  be as large as p o s s i b l e .  If for a g i v e n  

s p e c t r a l  p u r i t y  w e  cou ld  take a v e r y  large p a t c h  o f  t h e  s k y ,  

then as long  as the sky  background is n o t  c a u s i n g  

d i f f i c u l t y ,  i t  means t h a t  your  p o i n t i n g  accu racy  is n o t  

as h i g h ,  t h e  r equ i r emen t s  f o r  p o i n t i n g  are n o t  as h i g h  

p rov id ing  you meet t h i s  r a t i o .  T h i s  is j u s t  a f u n c t i o n  

of the  angu la r  d i s p e r s i o n  of t h e  g r a t i n g ,  t h e  a n g u l a r  

d i s p e r s i o n  of t h e  g r a t i n g  and t h e  r a t io  of t h e  diameter 

of the  collimatar- to  t h e  d i a m e t e r  of t h e  t e l e s c o p e .  The 

bigger the bundle  of l i g h t  you t a k e ,  t h a t  is the  bigger  

the g r a t i n g  and WllimtQr, t h e  l e s s  a c c u r a t e l y  you have t o  

i 



23 

p o i n t  t h e  t e l e s c o p e ,  Thehigher the  a n g u l a r  d i s p e r s o n  -- l e t  

u s  s e e ,  t h i s  is r;ad.ians p e r  angstrom, the h i g h e r  t h e  a n g u l a r  

d i s p e r s i o n ,  the less  a c c u r a t e l y  you have to p o i n t  your  

t e l e s c o p e .  

QUESTION: Do t h e s e  backgrounds d i f f u s e  i n t e n s i t y  

or are they  a l l  p o i n t  sou rces?  

DR. CODE: These c o n s i d e r a t i o n s  would app ly  to 

bo th  p o i n t  s o u r c e  and nebula .  L e t  u s  t h i n k  of i t  f o r  a 

moment -- w e  are  p o i n t i n g  at  a star,  how wide can  w e  make 

the s l i t ,  how wide a n g u l a r l y  can w e  make t he  s l i t? Now w e  

have to hold the  star w i t h i n  t h i s  slit  width .  

DR. ROMAN: Could w e  have your  name and 

a f f i l i a t i o n ?  

MR. WHITNEY: My name is Whitney w i t h  Thompson, 

Ram0 and Woolridge. 

DR. CODE: The reason  I mention t h i s  is t h a t  you 

are go ing  to h e a r  about  r equ i r emen t s  f o r  a n g u l a r  

r e s o l u t i o n  g r e a t e r  than one  angstrom, a t e n t h  of a n  angstrom 

o r  so. Thus, if w e  are going to  have a bandwidth o f  t e n  

angs t roms,  t h e  p o i n t i n g  accuracy  r e q u i r e d  is one hundred 

t i m e s  l e s s  than  i t  would be fo r  any sys tem r e q u i r i n g  a 

t e n t h  of an angs t rom r e s o l u t i o n .  

T h i s  k i n d  of spec t rophotometry  does n o t  p u t  as 

h i g h  a demand on p o i n t i n g  or  a lso upon the  l e n g t h  of  t i m e  

tha t  one wants  t o  s t o r e .  I t  p u t s  the same requi rement  o n t h e  
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amount of d a t a  t h a t  one is handl ing  as t h e  h i g h e r  r e s o l u t i o n  

experiments  you w i l l  h e a r  abou t .  So i f  you p rov ide  a s t a b l e  

p l a t f o r m  t h a t  w i l l  t ake  care of that, then  t h i s  problem is 

adequa te ly  taken care o f .  

DR. ROMAN: I i n v i t e  d i s c u s s i o n s  o f  t h e  Wisconsin 

exper iment ,  

MR. FRIDGE: (United Aircraft Co.) I d i d  n o t  

understand why you were u s i n g  f o u r  mirrors which have to  

be a l i g n e d  c a r e f u l l y  and ma in ta ined  t h a t  way f o r  a long  

t i m e .  Why n o t  a s i n g l e  mirror?  

DR. CODE: Because in t h i s  case they do n o t  have to  

be main ta ined  to  g e t  them to f o c u s  i n  one p l a c e .  F i v e  

minutes  of arc is n o t  a v e r y  s e r i o u s  r equ i r emen t .  

MR. FRIDGE: W i l l  t h a t  ma in ta in  the  s p e c t r a l  

accuracy?  

DR. CODE: The band width is being  ma in ta ined  by 

t h e  t r a n s m i s s i o n  of f i l t e r s  and s p e c t r a l  r e sponse  of t h e  

r e c e i v e r .  We are j u s t  t r y i n g  to co l l ec t  l i g h t  i n  a p r e t t y  

b i g  h o l e .  

c o l l i m a t i o n  of t h e  o p t i c s .  T h i s  way you i n t r o d u c e  t h e  

least  number of d e f l e c t i o n s .  

So i t  does  n o t  have s e v e r e  r e q u i r e m e n t s  on  t h e  

MR. FRIDGE: Are t h e  p a t h s  w e l l  s e p a r a t e d ?  

DR. CODE: I d o n ' t  know p r e c i s e l y  how t o  i s o l a t e  

t h e  s p e c t r a l  r e g i o r s  t h a t  I a m  i n t e r e s t e d  i n  as y e t .  There  

are ways af; doing  i t  now. There may be be t te r  ways s i x  

c 
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months f r o m  now. They would o v e r l a p  i f  w e  were to do i t  

r i g h t  now. 

DR. ROMAN: Your a i m  is n o t  to have them o v e r l a p ,  

b u t  you are n o t  s u r e  you can do t h a t ,  is t h a t  correct? 

DR. CODE: That  is r i g h t .  

MR. HABNED (Lockheed Missile & Space Div i s ion ,  

P a l o  A l t o ,  C a l i f o r n i a ) :  Do I unde r s t and  yau are i d e n t i f y i n g  

t h e  stars by making a photographic  measurement i n  

terms o f  y o u r  color index  and de termining  what s tar you 

are look ing  a t  from t h i s ?  

DR. CODE: P l u s  tk fact  I know t h e  a n g l e  between 

t h e  sun and the  s tar  to one  degree .  

MR. HARNED: You have an  i n i t i a l  one degree  area. 

You can d e t e r m i n t  f r m  t h i s  e x a c t l y  tb p o i n t  you are on? 

DR. CODE: Pard-? 

MR. HARNED: You can  de termine  e x a c t J y  what s ta r  

you are on, a f t e r  y a ~  have s e p a r a t e d  o u t  t h e  one degree  

region? 

DR. CODE: I know the  star is somewhere i n  t h i s  

band one degree  wide. Then I know t h e  b r i g h t n e s s  of t h e  

s tar and its color. If t h e  star is b r i g h t  enough t h i s  is 

q u i t e  unambiguous. 

DR. ROMAN: Any f u r t h e r  q u e s t i o n s ?  

DR. KUPERIAN: Could I a sk  you what dynamic 

range your  t e l e m e t e r i n g  data has? 
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DR. CODE: Well, t e n  t o  the  s i x t h  is what w e  wanted 

t o  cove r .  But w e  have c o u n t e r s  t h a t  g e t  u s ,  w e l l ,  s u f f i c i e n t  

d a t a  fo r  t e n  p e r  c e n t  accu racy  a c t u a l l y .  I t a l k e d  abou t  

two channe l s ,  om f o r  the g a i n  o f  t h e  a m p l i f i e r s  and one 

f o r  t h e  c o u n t s .  These were a 10 s t a g e  b i n a r y  c o u n t e r  and 

a f o u r  s t a g e  b i n a r y  c o u n t e r ,  a f o u r  s t a g e  b i n a r y  c o u n t e r  

t h a t  records t h e  g a i n ,  and a 10 stage b i n a r y  c o u n t e r  f o r  

t k d . e f l e c t i o n s .  That  i s  more than  adequate  f o r  dynamic 

range o f  t e n  to  the  s i x t h  and one p e r  c e n t  accu racy .  

DR. KUPERIAN: T h a t  is one p e r  c e n t  everywhere > f o r  

t en  t o  t h e  s i x t h  accuracy? 

DR. CODE: That  is r i g h t .  

DR. KUPERIAN: T h i s  d a t a  is s i m u l t a n e o u s  on f o u r  

channe I s ?  

DR.CODE: That  is r i g h t .  

DR. KUPERIAN: And i t  could  be s t o r e d ?  

DR.  CODE: I t  can  be s tored.  We had imagined 

t h a t  t h i s  sys tem adds c o n s i d e r a b l e  redundancy,  too, Pe rhaps  

one of t h e s e  channe l s  f a i l s ,  You have t h r e e  of them or 

t w o  of them working. Pe rhaps  t h e  storage sys t em f a i l s .  YOU 

can s t i l l  get  t h e  d a t a  p u l s e s  d i r e c t l y ,  o r ,  l e t  u s  imagine 

t h a t  t h e  guidance goes haywire ,  and you r e a l l y  d o n ' t  know 

where you a r e  p o i n t i n g ;  you can p u t  t h i s  on  t h i s  c o n t i n u o u s  

d a t a  t r a n s m i s s i o n  t h a t  you u s e  t o  f i n d  t h e  s ta r .  Then YOU 

J u s t  sweep t h e  sky  and you have to u n t a n g l e  t h e  r e s u l t s  YOU 

~ 
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g e t  b u t  you can  g e t  some resu l t s .  

DR. KUPERIAN: One more q u e s t i o n  i n  t h i s  connec t ion .  

I am t r y i n g  to b r ing  o u t  some p o i n t  t h a t  i t  t ends  to  

g e n e r a l i z e  t h e  sys tem r a t h e r  t han  be s p e c i f i c .  Your 

p u l s e  c o u n t i n g  h e r e ,  i n  o t h e r  words,  you have an e v e n t  you 

wish t o b t a l i z e  i n  some i n s t a n c e .  

DR. CODE: That  is r i g h t .  We want to  code i n  some 

way. We d o n ' t  want to send down eve ry  p l u s e .  

DR. KUPERIAN: I n  o t h e r  words, i t  is d i g i t a l  data 

or p u l s e  d a t a .  

DR. CODE: You start off w i t h  a DC a m p l i f i e r ,  a 

c u r r e n t  d e v i c e ,  and then  c o n v e r t  i t  t o  d i g i t a l  i n  t h e  scheme 

t h a t  w e  have imagined, and d i g i t a l  p e r h a p s  as much for  

g e t t i n g  through the  noise  and g e t t i n g  t h e  s i g n a l  down. 

DR. KUPERIAN: You have some so r t  of c u r r e n t  

in tegra tor  t h a t  p u t s  o u t  a p u l s e  after you have i n t e g r a t e d  

so much. You speak  o f  DC ampl i fy ing  equipment.  

DR. CODE: There  is a b lock ing  osc i l la tor  whose 

p u l s e  ra te  is determined by a v o l t a g e  o u t p u t  from t h i s  100 

p e r  cen t feedback DC a m p l i f i e r  . 
DR. KUPERIAN: So i t  is not  a t i g h t  c u r r e n t  

i n t e g r a  t i on .  

DR. CODE: Tha t  is r i g h t .  

DR. FOSTER (ARC): I have a coup le  of q u e s t i o n s .  

You i n t e n d  u s i n g  t h e  same d e t e c t o r  for  t h e  W as f o r  t h e  
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red, rather b l u e  and ye l low i d e n t i f i c a t i o n ?  

DR. CODE: Two of these p h o t o m u l t i p l i e r s  would be 

t h e  p h o t o m u l t i p l i e r s  i n  a l i t h i u m  f l u o r i d e  bo t t le ,  and they  

would not  g o  as fa r  to  the u l t r a v i o l e t  as the other t w o .  

Two d e t e c t o r s  are capable of obse rv ing  i n  the  pho tograph ic  

and v i s u a l  r e g i o n .  They are n o t  capab le  of go ing  as f a r  

t o  the  u l t r a v i o l e t .  So these two channe l s  are t h i n g s  

l i k e  2500 angstroms f o r  t h e  u l t r a v i o l e t  and 1800 angstroms,  

something of t h a t  s o r t .  
I,  

DR. FOSTER: I have one other  q u e s t i o n .  Then you 

a p p a r e n t l y  i n t e n d  s c a n n i n g  i n  t he  s e n s e  of t h i s  range one 

degree  wide, and as that s l o w l y  goes across you will 

look a t  the  yel low and b l u e  i n t e n s i t i e s  to decide whether 

you w a n t  to s t o p  at  that one or  no t?  

DR. CODE: That is r i g h t .  A c t u a l l y ,  one would 

have t w o  speeds ,  a s l e w i n g  and a s e t t i n g .  You go on 

p a s t ,  you get  a d e f l e c t i o n ,  you come back w i t h  a s e t t i n g  

and  t r y  to g e t  t h e  star i n  a hole.  

DR. ROMAN: How s l o w l y  do you t h i n k  your  s l e w  

speed  w o u l d  have t o  be i n  order that you get t h e  d e f l e c t i o n ?  

DR. CODE: T h i s  depends on how f a i n t  a s tar  you 

are going  to obse rve .  I t  would p r o b a b l y  -- wel l ,  abou t  a 

half  a radian p e r  minute wuld allow you to locate t h e  

second magnitude stars. 

MR. BOLLING (Chance Vought I n c . )  D r .  b l i l l i g a n  
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mentioned that  storage would be h i s  r e s p o n s i b i l i t y  i n  

the  exper iment .  D r .  Code, have you thought  of the  same 

r e s p o n s i b i l i t y  on s t o r a g e ?  

DR. CODE: I t  is c e r t a i n l y  an i n t e g r a l  p a r t  of 

the exper iment .  This would be part of the  package tha t  

i n c l u d e s  the o p t i c s .  

MR.BOLLING: On the  data t r a n s m i s s i m ,  have you 

considered the "b i t s"  per second, OT the  band width f o r  

your real  t i m e  t r ansmiss ion?  

DR. CODE: Occas iona l ly  I have come up w i t h  such  

numbers. T h i s  does n o t  seem to be a v e r y  c r i t i ca l  t h i n g  

from o u r  s t a n d p o i n t ,  namely, how many "bi ts"  can you hand le .  

This  is j u s t  de te rmined  by how long  w e  have to  work on one 

s tar .  

DR. ROMAN: Coming back to t h i s  q u e s t i o n  of on 

board s t o r a g e  be ing  the  r e s p o n s i b i l i t y  of t h e  expe r imen te r ,  

I t h i n k  t h i s  is something we are go ing  to have to  work o u t .  

A l m o s t  a l l  of the exper iments  w i l l  r e q u i r e  on board storage.  

I t h i n k  that we w i l l  p robably  t r y  t o  develop  a single 

s y s t e m  t h a t  everyone c a n  use i n  which case i t  would no l o n g e r  

be the sole  r e s p o n s i b i l i t y  of the expe r imen te r .  On the  

other  hand, the expe r imen te r  is c e r t a i n l y  going  to have t o  

have  a p p r e c i a b l e  i n p u t  i n t o  what t h i s  sys tem w i l l  be. I 

t h i n k  from the s t a n d p o i n t  of the  c o n t r a c t o r s  t h i s  is n o t  

an i m p o r t a n t  q u e s t i o n  at t h i s  moment, s i n c e  i t  probably  w i l l  
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be contracted o u t  r e g a r d l e s s  of who does t h e  conUxact ing.  

Are t h e r e  o t k r  q u e s t i o n s ?  

MR. COOK (Space Technology Labs) : I would l i ke  t o  

know why the  figure of 1,000 angstroms w a s  dec ided  on as the 

lower wavelength l i m i t ,  t h a t  is, a r e n ' t  there hot  stars t h a t  

have an  energy  below 1 ,000  angstroms which would be of 

i n t e r e s t ?  Also, would t h e r e  no t  be s p e c t r a l  l i n e s  i n  

t h i s  r e g i o n  from stars of i n t e r e s t  which c o u l d  be 

observed  wi th  a s p e c t r o g r a p h ?  

DR. CODE : A c t u a l l y  t h i s  point here w a s  supposed 

to be about  900 angstroms.  A t  the  Lyman l i m i t  912 w e  

e x p e c t  the energy d i s t r i b u t i o n  of stars to  j w t  d rop  off 

comple te ly .  We expec t  the i n t e r s t e l l a r  medium t o  be q u i t e  

opaque. So w e  don ' t  e x p e c t  to f i n d  too much. But j u s t  

because of t h i s  p r e d i c t i o n ,  w e  ought  to  t r y  i t .  T h a t  is why 

one  of t h e  bandwidths i s  there. We r e a l l y  would be 

s u r p r i s e d  t o  f i n d  a g r e a t  deal o f  r a d i a t i o n  beyond the Lyman 

l i m i t  912. 

I 

DR. ROMAN: Do you have a n y t h i n g  to add? 

MR. MILLIGAN: There is also t h e  a d d i t i o n a l  

problem, as some o f  you may knaw t h e  r e f l e c t i v i t y  problem 

i n  the u l t r a v i o l e t  is q u i t e  s e r i o u s .  A t  t h e  p r e s e n t  moment 

t h e  p r e s e n t  s ta te  of t h e  art  i s  s u c h  t h a t  if w e  are go ing  

i n  t h e  reg ion  below 1100 angstroms, your  reflection falls off 

a v e r y  good mirror d rops  off  t o  a b o u t  10 per c e n t . < ,  I n  f ac t ,  

~ ~ 
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you are v e r y  l u a k y  if you can ge t  10 per c e n t .  T h i s  coup led  

w i t h  the fact  t h a t  if you w a n t  to f l y  a window detector, and  

l i t h i u m  f l u o r i d e  looks l i k e  the best one you c a n  u s e ,  

i t  has a c r y s t a l  c u t o f f  of 1050 angs t roms,  so the  combina t ion  

of t h e  r e f l e c t i v i t y ,  the i n t e r s t e l l a r  a b s o r p t i o n ,  t h i n g s  

of t h a t  s o r t ,  and  t h e  d e t e c t o r  problem t e n d  t o  l i m i t  u s  a 

l i t t l e  b i t .  

DR. ROMAN: The nex t  q u e s t i o n ?  

MR. ANSELM (Beech Aircraft): I n  regard to  the por- 

t i o n  of the  expe r imen t  on n e b u l a r  gas m a s s  are you i n t e r e s t e d  

i n  v e r i f i c a t i o n  of gas c o n s t a n t s ?  My r e f e r e n c e  would be 

i n  regard t o  the d e t e r m i n a t i o n  of speed of sound a t  v e r y ,  

v e r y  high a1 t i  tude .  

DR. CODE: I don '  t q u i t e  unde r s t and .  I n  the 

g a s s e o u s  n e b u l a  you are r e f e r r i n g  to? 

MR. ANSELM: Y e s .  

DR. CODE: T h i s  of c o u r s e  is a f e a t u r e  -- I don't 

know of a n  experiment  -- we t h i n k  we  know i n  t h e  gas 

n e b u l a  w h a t  t h e  speed of sound is. We c a n  measure i t  by *he 

L 

number of e l e c t r o n s .  

MR. ANSELM: Do you have v e r i f i c a t i o n  of i t ?  

UNIDENTIFIED: We are d o i n g  some work a t  the 

p r e s e n t  t i m e  on t h e  a c c o u s t i c s .  

DR. CODE: I t  is possible  to t e J l  whether the  

e x c i t a t i o n  of spectral  l i n e s  is due t o  r a d i a t i o n  or  
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c o l l i s i o n a l  e x c i t a t i o n .  Th i s  i t  would be in tended  to  exp lo re .  

DR. ROMAN: The nex t  q u e s t i o n .  

bQR. McCLOSKEY (Aerojet Genera l  Corpora t ion)  : W i l l  

a copy of t h i s  be made a v a i l a b l e  so t h a t  w e  d o n ' t  have to 

keep notes?  

DR. ROMAN: I t h i n k  i t  would be s a f e r  f o r  you t~ 

keep n o t e s  on the areas i n  which you are i n t e r e s t e d ,  I doubt  

t h a t  we  w i l l  be a b l e  t o  make t h e  e n t i r e  proceedings  a v a i l a b l e  

to everyone. 

A r e  t h e r e  any o t h e r  q u e s t i o n s ?  I f  n o t ,  w e  w i l l  

p a s s  on to t h e  U l t r a v i o l e t  Sky Mapping experiment ,  by 

the  Smi t h s o n i a n  Astrophysical  Observa tory ,  M r  . Davis. 

ULTRAVIOLET SKY MAPPING, SYITHSONIAN 
ASTROPHYSICAL OBSERVATORY, BY B. DAVIS. 

MR. DAVIS: F i r s t ,  t h e  reason why t h e r e  were so 

few of the p re l imina ry  s p e c i f i c a t i o n  s h e e t s  brought  down 

here  w a s  t h a t  i t  s t i l l  w a s  a rough d r a f t ,  and w e  d i d  n o t  

want too  many o b s o l e t e  c o p i e s  d r i f t i n g  around t h r e e  or f o u r  

weeks from now when w e  g e t  t h a t  whipped i n t o  shape .  Anybody 

t h a t  does w a n t  t h e  smooth ve r s ion  of t h i s  rough d r a f t  and 

p o s s i b l y  e x t r a  c o p i e s  of the  drawings  t h a t  went w i t h  i t  

should  write t o  u s .  I t h i n k  t h e  a d d r e s s  is on  h e r e .  

DR. ROMAN: Perhaps  you had b e t t e r  r e a d  i t ,  

s i n c e  the  ones  who do no t  have t h e  copy w i l l  n o t  have t h e  

answer. 
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MR. DAVIS: Smithsonian A s t r o p h y s i c a l  

Obse rva to ry ,  Cambridge 38, Massachusetts.,  W e  w i l l  s end  out 

c o p i e s  when they  ;itre r eady .  

The i n f o r m a t i m w e  are i n t e r e s t e d  i n  is t h e  same 

as D r .  Code and D r .  M i l l i g a n  are i n t e r e s t e d  i n ,  t h e  s p e c t r a l  

i n t e n s i t y  d i s t r i b u t i o n  of s tars  and  i n t e r s t e l l a r  matter. 

There are approximate ly  1 0  m i l l i o n  stars b r i g h t e r  

t han  magnitude 15 photographic .  

DR. ROMAN: For t he  sake of t h e  non-astronomers 

w e  might  add t h a t  t h i s  is roughly 10,000 t i m e s  f a i n t e r  

thancan  be s e e n  w i t h  a naked eye ,  a l i t t l e  less. 

MR. DAVIS: Y e s ,  I t  is rough ly  t h e  l i m i t i n g  

magnitude of a 20 i n c h  telescope w%th good pho tograph ic  

f i l m  i n  a f e w  seconds  exposure t i m e .  

These stars have a t empera tu re  d i s t r i b u t i o n  -- 
number of stars v e r s u s  tempera ture  w i t h  50,000 d e g r e e s  up 

h e r e .  The sun  be ing  about  5,000 degrees, t h e  lower end w e  

d o n ' t  know too much a b o u t  y e t .  But t h e  numbers are rough ly  

l i k e  t h a t ,  T b  h o t t e r  stars, t h e r e  are v e r y  few,  

p r o b a b l y  i t  falls off even more r a p i d l y  than  t h i s .  

(Blackboard demonstrat i o n )  

YR. DAVIS: Of  course, when you ge t  down to  

zero t e m p e r a t u r e s ,  t h e r e  are zero stars, b u t  i t  is f a i r l y  

f l a t  i n  t h e  area from about  10,000 d e g r e e s  to 3,000 degrees, 

r o u g h l y  e q u a l  number of stars a t  a l l  t empera tu res .  Then 
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these r e a l l y  h o t  ob jec ts  where most of  t h e  u l t r a v i o l e t  comes 

o u t ,  where mo6 t of  t h e  l i g h t  comes i n  the  u l t r a v i o l e t ,  

there  are very  l i m i t e d  numbers. When we s ta r t  p o i n t i n g  

telescopes at the s k y ,  t h a t  are s e n s i t i v e  t o  u l t r a v i o l e t ,  

w e  s ta r t  p i ck ingcp  mainly the hot  stars and not  so much the  

cooler ones .  Fo r  i n s t a n c e ,  w e  may have a t e l e s c o p e  wi th  

a two degree  f i e l d  o f  view s e n s i t i v i t y  i n  t h e  u l t r a v i o l e t ,  

and o u t  of t h e  t e n  or so stars t h a t  may appear  i n  t h a t  f i e l d  

t h a t  a r e  s e n s i t i v e  enough to be p i c k e d  up down t o  t h e  1 5 t h  

magnitude p h o t o g r a p h i c a l l y ,  t h e  h o t t e r  stars, about  n i n e  o u t  

d t e n  of t h e s e  w i l l  be down i n  t h i s  d i s t r i b u t i o n  t a i l  of 

h o t  stars. Only one of t e n  or  so w i l l  be as cool as S i r i u s ,  

10 ,000  d e g r e e s ,  and p r a c t i c a l l y  none w i l l  t u r n  o u t  to be as 

cool as t h e  sun  i f  p r e s e n t  t h e o r i e s  o f  a s t r o p h y s i c s  are 

correct.  

What w e want to  do is take a l o o k  a t  e v e r y  s ta r  

i n  the  sky b r i g h t  enough to &ow up i n  o u r  sys tem,  see what 

i t  does look l i k e ,  or  at l eas t  r e fe r  t o  the  fact  t h a t  i t  is 

there , ,  In  order  to  do t h i s  i n  a r e a s o n a b l e  amount o f  t i m e  

w e  can * t u s e  diaphragms and p h o t o c e l l s ,  We have to u s e  

e i t h e r  t e l e v i s i o n  or  photography.  F o r  many e x p e r i m e n t a l  

r e a s o n s  we have dec ided  t h a t  t e l e v i s i o n  is t h e  answer to o u r  

problem. Taking photographs ,  o r  p i c t u r e s ,  r a t h e r ,  of f i e l d s  

of t he  s k y  about  t w o  d e g r e e s  s q u a r e ,  there are rough ly  40,000 

s q u a r e  deg rees  i n  t h e  s k i e s ,  so t h i s  means 10,000 p i c t u r e s  

a 
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in which color o u r  equipment is s e n s i t i v e ,  

a s t r o p h y s i c i s t s  t h i n k  stars are i n t e r e s t i n g  or n o t ,  at  

least  w e  w i l l  have i t  ami we will know whether i t  is 

i n t e r e s t i n g ,  About 90 p e r  cent  of o u r  stars w i l l  be hot ter  

than 10 ,000  degrees, Hopeful ly ,  if e v e r y t h i n g  goes r i g h t  

there  w i l l  be a f e w  of the b r i g h t e r  stars coming through 

t h a t  are down i n  t h e  cooler t empera tu res  where most of t h e  

radiat ion does come o u t ,  where w e  can see i t ,  b u t  i n t e r e s t i n g  

t h i n g s  may happen i n  t h e  u l t r a v i o l e t  

I n  t h i s  way, whether  

Taking t h i s  s p e c i a l  d i s t r i b u t i o n  c u r v e  a g a i n ,  

f o r  t h e  s u n  the curve  is something l i k e  t h a t .  F o r  a hot te r  

s ta r  such  as S i r i u s ,  t h e  curve w i l l  be more l i k e  that  We 

can obse rve  down to abou t  3,000 angstroms.  These c u r v e s  are 

n o t  q u i t e  drawn i n  r i g h t .  I n  the  case of t h e  sun ,  w e  have 

c o n t i n u e d  the  curve  on down below 3,000 t o  the  ex t r eme ly  

shor t  wave l e n g t h s .  In  t h e  case of the br ight  stars, there 

is a t  p r e s e n t  no o b s e r v a t i o n a l  i n fo rma t ion  below t h i s  p o i n t .  

Now, by these means w e  can trace t h i s  cu rve  by 

p u t t i n g  three p o i n t s  on i t ,  or w i t h  s p e c t r o s c o p i c  r e s o l u t i o n  

w e  can o b t a i n  t h e  f u l l  c u r v e ,  T e l e v i s i o n  t echn iques  w i l l  

p u t  o n  t h e  three p o i n t s  a t  2600 angs t roms,  1900 and 1350. 

I n  a d d i t i o n ,  s i n c e  t e l e v i s i o n  does n o t  g i v e  r e a l l y  a c c u r a t e  

magnitudes, w e  are hoping  f o r  t e n  p e r  c e n t  o v e r  a dynamic 

r a n g e ,  p o s s i b l y  s p l i t  up i n t o  s e p a r a t e  r anges  f r o m  the 

n a t u r e  of the beast, a t o t a l  dynamic range  o f  1 0  to  the  
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f o u r t h ,  a c c u r a t e  to 10 p e r  c e n t .  I f  w e  were to  add a 

p h o t o e l e c t r i c  d e v i c e  w e  c o u l d  g e t  domto one p e r  c e n t  

accuracy ,  and w e  do see p u t t i n g  an extra telescope i n t o  

the  platform w i t h  f i v e  minutes  of arc diaphragm to  isolate  

one s tar  n e a r  the c a t e r  of t h e  f i e l d  and look a t  i t  more 

c a r e f u l l y  i n  s i x  ra ther  t h a n  three s p e c t r a l  bands. Each of 

these three bands w i l l  be taken care of by its own 

s p e c i a l  telescope des igned  fo r  s e n s i t i v i t y  w i t h i n  a f e w  

hundred angstroms of  the  p a r t i c u l a r  band, So together 

w i t h  t h e  p h o t o e l e c t r i c  d e v i c e  t h a t  adds up t o  f o u r  t e l e s c o p e s  

a l l  of them i d e n t i c a l ,  w i t h  ref lectors  e i g h t  i n c h e s  in  

d i a m e t e r , 2 0  i n c h  f o c a l  l e n g t h .  

We a l so  foresee adding  a f i f t h  telescope w i t h  an  

o b j e c t i v e  pr i sm,  no s l i t  invo lved  i n  t h i s  d e v i c e .  I t  

mere ly  t a k e s  the same f i e l d  and spreads the br ighter  of 

these s t a r s  i n t o  spectra. T h i s  one w i l l  p robably  be the  

br ightes t  star i n  t h i s  f i e l d .  I t  w i l l  be pre-selected for  

t h a t .  So t h a t  maybe three stars o u t  of -- w e l l ,  a c t u a l l y  

i t  would be close to three s ta rs  o u t  a€ a hundred-- w e  would 

g e t  s l i g h t  spectra fo r  i t ,  and t h e r e b y  c o v e r  the whole 

s k y ,  g e t t i n g ,  w i t h  the s e n s i t i v i t e s  w e  p e r c e i v e ,  p o s s i b l y  

as many a s  a m i l l i o n  stars i n  the m u l t i c o l o r  p i c t u r e s  and  

about  20,000 stars w i t h  s l i g h t  s p e c t r a .  The exposures 

r e q u i r e d  to o b t a i n  these s e n s i t i v i t i e s  are t e n  seconds  l o n g .  

If e v e r y t h i n g  goes r i g h t ,  e x p o s u r e s  of one  second  w i l l  be 
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p o s s i b l e ,  b u t  w e  t h i n k  w e  need t e n  seconds  exposure  to  

o b t a i n  adequate  s e n s i t i v i t y ,  I n  order to  separate close 

double  stars, w e  w a n t  one  minute of arc r e s o l u t i o n .  The 

t e l e v i s i o n  image tube  is a l r eady  been developed  by 

Wes t inghouse  Research Labora tory  i n  P i t t s b u r g h ,  and w e  

have developed the  o p t i c a l  system, i t  is a l r e a d y  under  

c o n s t r u c t i o n ,  So tkfirst two components of t h e  b lock  

diaphragm are p r e t t y  much under c o n t r o l .  

The a b e r r a t i o n s  and the  image tube  are matched 

to g i v e  one  minute  of arc r e s o l v i n g  power. The remain ing  

r equ i r emen t  is t h a t  the in s t rumen t  be s table  enough f o r  

t e n  seconds  of t i m e  so  t h a t  these images do n o t  b l u r  and 

t h a t  w e  know where w e  are p o i n t i n g ,  We t h i n k  both of t h e s e  

r e q u i r e m e n t s  are f a i r l y  w e l l  met,  Then if t h i s  diaphragm 

is to  be c e n t e r e d  around a s ta r ,  w e  have an  a d d i t i o n a l  

r equ i r emen t  t h a t  w e  be able to de te rmine  by a pre-program 

d e v i c e  e i t h e r  f r o m  t h e  ground o r  some other way, w i t h i n  f i v e  

minu tes  of arc p o i n t i n g  accuracy .  I f  w e  have that, i t  is 

v e r y  easy  to  f i n d  o u t  e x a c t l y  where i t  w a s  p o i n t i n g  by 

l o o k i n g  a t  t h e s e  p i c  tu res  a f t e r w a r d s  

One p o s s i b l e  method is a f i n d e r  telescope w i t h  

t e l e v i s i o n  to send back about  a 15 degree f i e l d  of the 

sky w i t h  s e n s i t i v i t y  the same as w e  have on the  e a r t h  and 

compare i t  w i t h  s tar  maps. I f  w e  know w i t h i n  one degree  where 
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t h i s  is  by a s t r o p h y s i c a l  t h e o r y ,  w e  can i d e n t i f y  t h e s e  

stars and measure i t  t o  one minute of  arc. 

Then the  n e x t  s t e p  i n  o u r  sys tem is the  TV camera. 

We are f a i r l y  ce r t a in  now on what we need fo r  a TV camera. 

We have done no d e s i g n  wawk. Some p r e l i m i n a r y  f e e l e r s  have 

gone o u t ,  t h a t  is a l l  so far, on a t e l e v i s i o n  camera t o  

d r i v e  t h e  image t u b e .  But l ook ing  at  t h e  amount of 

in fo rma t ion ,  each s q u a r e  minute of arc i n  a t w o  degree 

f i e l d  has  t e n  p o s s i b l e  b i t s  of i n f o r m a t i o n  f o r  the b r i g h t n e s s  

of t h e  o b j e c t  i n  that p a r t i c u l a r  s p a c e .  S ince  w e  do n o t  

know t h a t  we are look ing  at ‘stars w e  c a n n o t  u s e  p re -  

r e c o r d i n g ,  because w e  are also i n t e r e s t e d  i n  what t h e  

nebulosities are l i k e .  . . Of course, w i t h  the slit  

s p e c t r a  the  object is s p r e a d  o u t  i n t o  l i n e s .  O r  if they  

are s m a l l  nebulae  w e  might  even ge t  a stream of p o i n t s  

r e p r e s e n t i n g  its e m i s s i o n  l i n e s .  There are 144,000 more 

or  l e s s  i n  t h i s  s i z e  f i e l d ,  144,000 -- t h i s  t h i n g  comes 

o u t  d i f f e r e n t  t h i s  t i m e  t h a n  t h e  l as t  t i m e  I f i g u r e d  i t  

o u t  -- there  a r e  something l i k e  250,000 b i t s  of i n f o r m a t i o n  

con ta ined  im one of t h e s e  f i e l d s ,  so that  s torage i n  t h e  

s a t e l l i t e  is something w e  have n o t  contempla ted . ,  We p l a n  

to u s e  l i v e  t e l e v i s i o n  th roughou t ,  c o n t m l l i n g  i t  from t h e  

ground when i t  is w i t h i n  v iew & t h e  s t a t i o n  a n d  j u s t  l e t t i n g  

i t  sit t h e r e  for  t h e  o ther  90 p e r  cent of t h e  t i m e  at  as 

l o w  a power d r a i n  as is f e a s i b l e .  I n  o ther  words, merelyhave 
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some k i n d  of radio r e c e i v e r  on so t h a t  w e  can command the  

t r a n s m i t t e r  the  n e x t  t i m e  around,  

Using t h i s  method it would take abou t  f o u r  months 

t o  c o v e r  the  e n t i r e  sky .  The amount of i n f o r m a t i o n  involved  

is v e r y  high., 

s econd ,  We need a 150 k i locyc le  band p a t h  merely to  

t r a n s m i t  the p i c t u r e  to t h e  ground. W e  w i l l  need  to  

We need a scanning  ra te  of one frame per  

s tore  t h i s  i n f o r m a t i o n  on  t h e  ground i n  a method tha t  is 

amenable to  au tomat i c  computing so t h a t  t h e  as t ronomer  does 

n o t  have to  do the  whole thiw w i t h  p e n c i l  and paper. 

But i n  t h e  s a t e l l i t e  w e  wi l l / s tore  i t .  

i n t o  the t e l e m e t r y  which is the r e s p o n s i b i l i t y  of NASA 

not 
From here i t  goes 

and the  working group,  u n t i l  i t  g e t s  back down t o  the  

ground storage a g a i n  where i t  comes back to u s ,  

The mechanical end of t h i s  t o  hold the opt ics  

together r i g i d l y  has  n o t  been worked o u t  i n  d e t a i l .  The 

drawings  show how far  i t  is, We know the d imens ions .  We 

do n o t  know what type  of hardware w e  w i l l  be u s i n g  to hold 

i t  together. A l l  t h e  moving p a r t s  t h a t  w e  t h i n k  w e  w i l l  

need  are s h u t t e r s  t o  close off from the sun  i f  i t  comes too 

close. Eve ry th ing  e l se  w i l l  be done by e l e c t r o n  s t a n d a r d s .  

We also have i n  mind some spectroscopic slits 

s p e c t r o s c o p y  s i m i l a r  t o  what some of t he  other i n s t i t u t i o n s  

have  mentioned, buthave n o t  gone to the  d e s i g n  of  a d d i t i o n a l  

i n s t r u m e n t s  up to t h i s  t i m e o  
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I s h a l l  t r y  to  answer  any questians you have. 

MR. DEL DUCA (Ramo-Wooldridge, I n c . ) :  This l o o k s  

l i k e  a lot of  power. Have you any i d e a  of the  order  Of 

magnitude of the power? Two, and t h i s  a p p l i e s  to  a l l  t h e  

res t  of t h e  p r e s e n t a t i o n s ,  is t h e  exper imenter  go ing  t o  

p rov ide  any secondary s o u r c e  of power i n  a d d i t i o n  t o  t h e  

pr imary  v e h i c l e  power? T h i r d ,  what k i n d  of a u x i l i a r y  or 

secondary power are you t h i n k i n g  about  i f  you are t h i n k i n g  

about  i t .  

MR. DAVIS: I n  t h e  f irst  p l a c e ,  most of o u r  

power requi rements  are motion of t h e  p l a t f o r m ,  the  h e a t e r s  

f o r  t h e  t e l e v i s i o n  tubes ,  a n d  t h e  t r a n s m i t t e r  power for 

t h e  t e l eme t ry .  These are roughly  equal  and p robab ly  i n  t h c  

v i c i n i t y  of 10 watts each  fo r  20 t o  6 0  minu tes  p e r  d a y .  I 

do n o t  t h i n k  t h i s  r e q u i r e s  a d d i t i o n a l  power beyond t h a t  t h a t  

is  a n t i c i p a t e d  f o r  t h e  s a t e l l i t e ,  

DR. KUPERIAN:  How much is t h a t  p a r t  w i t h o u t  

gu idance?  

MR. DAVIS: Taking  o f f  t h i s ?  

DR. KUPERIAN: Y e s ,  the p l a t f o r m  p a r t .  

M R .  DAVIS: *Jus-L t h e s c  th>-cc areas, a l m o s t  a l l  t h e  

power goes i n t o  t h c  t e l e v i s i o n  1ieaLer which t o t a l s  someth ing  

l i k e  t e n  w a t t s .  

DR. ROMAN: Does anyone e l s e  e n v i s a g e  power 

r equ i r emen t s  a p p r e c i a b l y  i n  e x c e s s  of t h e s e ?  
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MR, DAVIS: The t r a n s m i t t e r  power depends v e r y  

g r e a t l y  on what w e  have a t  the ground r e c e i v e r ,  W e  were 

f i g u r i n g  t h i s  on CrQ fact d i s h  antoanas, If the antenna or! 

be ground is smaller, w e  need more power u p s t a i r s ,  

MR DEL DUCA (Ramo-Wooldridge, I n c , )  : I n  case t h e  

v e h i c l e  power, main power supp ly ,  goes  out so  that you 

d o n ' t  have any th ing  f o r  a t t i t u d e  c o n t r o l  o r  gu idance ,  

you would l i k e  to just g e t  what you can  ou t  of t h e  

exper iment ,  do you have a secondary s o u r c e  contemplated? 

MR, DAVIS:  We would l i k e  t o  p u t  a n u c l e a r  power 

s o u r c e  i n .  We are n o t  s u r e  w e  w i l l  be al lowed to., 

DR, ROMAN: Are you s u r e  your  c a t h o d e s  would 

l i k e  i t  if you were? 

MR. DAVIS: Y e s ,  

MR. CHENG (Hughes A i r c r a f t  Company): M r .  Davis ,  

your  s l ewing  t i m e  between frames, I recal l  f a i n t l y  t h e  

last t i m e  I m e t  you9 would be something of t h e  order of 10 

seconds  

MR, DAVIS: Y e s .  

MR, CHENG: Does t h a t  s t i l l  hold?  

WS,* DAVIS: That  is what w e  are aiming f o r ,  

MR. CHENG: Could you p o s s i b l y  allow a l o n g e r  t i m e  

maybe l eng then ing  t h e  exper iment  somewhat? 

MR,  DAVIS: I f  you double  t h a t  t i m e  you m u l t i p l y  

t h e  to ta l  f o u r  months by one and  8 h a l f  and end up w i t h  six 
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months, we would s t i l l  be happy. 

MR. J O H N  L I N D S E Y :  I was wondering if you have 

looked i n t o  t h e  p o s s i b i l i t y  of  s t o r a g e  u s i n g  two systems -- 
f r a n k l y  I don't  know whether t h e  r e s o l u t i o n  i s  adequate  o r  

no t  -- bu t  one a Vidicon where you s t o r e  it t e m p o r a r i l y  

on t h e  photoconductor,  and second, a s t a t i c  e l e c t r i c i t y  t y p e  

r e c a l l  which i s  being developed f o r  TV work. 

MR. DAVIS: We have been t a l k i n g  wi th  RCA about  

t h i s .  They say  it looks  hopefu l .  Th i s  would reduce  t h e  

f o u r  months t h a t  w e  need. It would cause  a band width 

d i f f i c u l t y  g e t t i n g  t h e  in fo rma t ion  o u t  i n  t i m e  when it i s  

over  t h e  s t a t i o n .  We would be happy t o  have it bu t  it i s  

not  necessa ry  f o r  t h e  experiment .  

DR. ROMAN: Along t h e  same l i n e s  have you 

cons ide red  photographic  s t o r a g e ?  Obviously you can ' t  u se  

photographic  f i l m  wi th  t h e  i d e a  of  r ecove ry ,  bu t  what about  

s t o r a g e  of  photographic  f i l m  and scanning? 

M i i .  DAVIS: We have cons ide red  t h i s .  Tf s u c h  a 

dev ice  could be made " f a i l - s a f e "  we w.)uld en jo ;T  vc2ry mxch 

having i t .  i3y f a i l - s a f e ,  I mean when you run  c u t  of  film 

you can s t i l l  use t h e  machine, o r  i f  t h e  f i l m  jams, you can 

s t i l l  use  t h e  machine. If we can ge t  t h e s e  two p o i n t s  we 

would l i k e  very  much t o  have i t .  Again it i s  not  

necessa ry ,  but  it would h e l p  t h e  exper iment .  

MR. LINDSEY: I have one t h i n g  which a c t u a l l y  does 
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n o t  have anyth ing  to  do w i t h  

Technology Labor at  o r y  h a s  

angstroms.  I am wondering i 

this experiment.  

4.3 

1 %  l l l c?  S.pni.c 

asked why c u t  o f f  a t  900 

t h e  answer to  th,s is n o t  

r e a l l y  expediency? We know i n  t h e  case o f  the sun  t h a t  

Rense Colorado, 'Itntsey and Hinterreger, AFCRC, have been 

working wi th  t h e  hydrogen 304 l i n e .  I t h i n k  t h e  people  

here  might l i k e  to know i f  they c o u l d  do i t .  I r e a l l y  d o n ' t  

know what the  energy t r ansmiss ion  might be, b u t  I t h i n k  t h e  

peop le  i n  the  f u t u r e  might be i n t e r e s t e d  i n  l o o k i n g  a t  t h e  

s h o r t  wave l e n g t h ,  is t h a t  no t  t r u e ?  

MR. DAVIS:  I n  r e g a r d  to t h e  shor t  wave l i n e s  

f r o m  t h e  sun  they  p u t  a n  amazing amount of energy  on t h e  

e a r t h  from t h e  s u n ,  b u t  you t a k e  the n e x t  n e a r e s t  s tar,  

Alpha C e n t a u r i ,  there are roughly  f o u r  l i n e s  t h a t  w e  c o u l d  

p i c k  up w i t h  t h i s  type of s e n s i t i v i t y .  You take stars t h a t  

w e  know n o t h i n g  a b o u t ,  and  w e  c a n ' t  even make g u e s s e s .  

The t h e o r y  of cool stars i n  t h e  u l t r a v i o l e t  is p r e t t y  close 

to zero so t h a t  w e  c a n ' t  make r e a l l y  educa ted  g u e s s e s  abou t  

how these stars w i l l  look. Y e s ,  we  want t o  look a t  them 

as f a r  down as w e  can  g e t .  

D R ,  ROMAN: D r .  Savedof f ,  have ym gone f a r  enough 

i n  your  work, i n  t h e  far  u l t r a v i o l e t ,  to have comments on 

t h i s  q u e s t i o n ?  

DR. SAVEDOFF ( U n i v e r s i t y  of Rochester): We have 

n o t  g o t t e n  v e r y  much f u r t h e r  than  w e  hae been ,  We have been 
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v e r y  much encouraged i n  u s i n g  o r d i n a r y  t echn iques ,  

s p e c t r o g r a p h s  and f i l t e r s .  The 304 l i n e  is st i l l  v e r y  

much shaded by the  1 i n t e r s t e l l a r  hydrogen. I t  l o o k s  

lile t h e  u n i v e r s e  opens up a g a i n  somewhere at a hundred 

angstroms and lower. W e  are v e r y  d i scouraged ,  When you 

t h i n k  of working a t  one angstrom, you can  use  t h e  

p la t inum re f l ec to r .  You have to  be w i t h i n  one  degree  of 

t h e  p lane  of t h e  mirror i n  order t o  ge t  r e f l e c t i o n .  That  is 

a h o r r i b l e  requi rement  e 

DR. DAVIS: We are  l ook ing  i n t o  the u s e  of  zone 

p l a t e s ,  also.  They s t a r t  g e t t i n g  v e r y  d i f f i c u l t  to make 

when you ge t  below 50 angstroms,  b u t  w e  have hopes t o  u s e  

them . We have hopes o f  having zone p l a t e s  i n  t he  n e a r  

f u t u r e  that are good down to p o s s i b l y  50 angs t roms f o r  

f o c u s i n g  t h a t  way. 

DR. LILLER ( U n i v e r s i t y  of Michigan):  I might  j u s t  

s a y  t h a t  P r o f e s s o r  Lawrence A l l e r  at t h e  U n i v e r s i t y  of 

Michigan has  c a l c u l a t e d  some of t h e  e f f e c t s  of t h e  i n t e r -  

s t e l l a r  medium, and I t€ink he is i n  agreement w i t h  D r .  

Savedoff w i t h  one hydrogen atom i n  a cobic c e n t i m e t e r  

you g e t  q u i t e  a number -- fran 912 angstroms,  and  t h e  Lyman 

wave l i m i t  to  shor te r  wave l e n g t h  down t o  100 angs t roms 

r ange ,  and below, e v e r y t h i n g  is  p r e t t y  w e l l  blocked o u t .  

Below 100 angstroms you w i l l  start t o  see someth ing .  But  

between 100 and 1 , 0 0 0  angs t roms,  s p a c e  s h o u l d  be p r e t t y  black. 
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MR,  LINDSEY: That  sounds l i k e  t h e  answer s t i l l  

is t h a t  w e  are i n t e r e s t e d ,  

DR. ROMAN: Br?t i t  is d i f f i c u l t  to do. 

MR. STEIN (Republ ic  Avia t ion  Corpora t ion )  : A r e  you 

d e f i n i t e l y  r u l i n g  o u t  t h e  i d e a  of r ecove ry  of in fo rma t ion  

by t h e  c a p s u l e  technique?  

DR,  ROMAN: My f e e l i n g  is t h a t  i t  is go ing  to be 

ex t remely  d i f f i c u l t  t o  oons ide r  r e c o v e r y  of any th ing  from 

s u c h  a v e h i c l e  w i thou t  ( a )  changing its o r b i t ,  and t h e r e f o r e  

d e s t r o y i n g  its f u t u r e  u s e f u l n e s s ,  and  (b) changing  the 

ba l ance  of t h e  in s t rumen t ,  so t h a t  even i f  itt c o u l d  be 

u s e d  i t  would be extrermely d i f f i c u l t  t o  rebalance i t  to  

w i t h i n  a part  of t e n  to t h e  t h i r d  o r  a par t  of t e n  to  t h e  

f o u r t h  

Any o t h e r  ques t ions?  I t h i n k  then w e  w i l l  go t o  

the l a s t  of the s te l lar  exper iments ,  and then  w e  w i l l  have 

a recess a f t e r  tha t ,  I w i l l  c a l l  on D r .  Rogerson of 

P r i n c e  t o n  U n i v e r s i t y  to  d i s c u s s / h i g h  d i s p e r s i o n  s t e l l a r  
a 

s p e c t r o g r a p h .  

HIGH DISPERSION STELLAR SPECTROGRAPH, 
PRINCETON UNIVERSITY, BY DR, J ROGERSON 

DR, ROGERSON: P r i n c e t o n  U n i v e r s i t y  Obse rva to ry  

is i n t e r e s t e d  i n  i n v e s t i g a t i n g  p r i m a r i l y  t h e  d a r k  gasseous 

matter t h a t  e x i s t s  between stars, The best  way t h a t  we 

now know how to do i t  is roughly t h e  f o l l o w i n g ,  
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. F o r t u n a t e l y  w e  have some v e r y  br ight  l i g h t  s o u r c e s  

s c a t t e r e d  around space .  

(Blackboard demons t r a t i o n )  

DR. ROGERSON: If t h i s  now r e p r e s e n t s  a c l o u d ,  an 

accumulation of dark gasseous  matter, which b e i n g  d a r k  w e  

can no t  see of i t s e l f ,  w e  can d e t e c t  its p resence  by 

i n v e s t i g a t i n g  the  l i g h t  of  t ha t  s ta r  a f te r  i t  has p a s s e d  

through the gas c loud .  So t h i s  now r e p r e s e n t s  o u r  s a t e l l i t e ,  

We w i l l  look primarily a t  v e r y  b r i g h t ,  v e r y  h o t  stars, and 

i n v e s t i g a t e  the e f f e c t  of these i n t e r s t e l l a r  gas c l o u d s  

o n  t h a t  l i g h t .  

I t  so happens t h a t  the gad. c loud ,  has  c o n s i d e r a b l e  

e f fec t  except  that t h e  e f fec t  is restr ic ted t o  q u i t e  narrow 

wavelength regions. E I draw you once more a b i t  of a 

s t a r  spec t rum i n  t h e  u l t r a v i o l e t ,  t h i s  is lambda, and 

t h i s  is energy.  Hopefu l ly  w e  might  have a v e r y  bot s ta r  

that  has  no lines of its own. L e t  m e  take t h a t  for  t h e  

moment. We have some d i s t r i b u t i o n  of ene rgy .  mat the c l o u d  

w i l l  do then its s u b t r a c t  a r a t h e r  narrow l i n e ,  i n  g e n e r a l  

much narrower than any l i n e s  t h a t  t h e  s ta r  i t se l f  would 

have i n  its own atmosphere.  

Now, I b r i n g  t h i s  p o i n t  up because  i t  means that  

we m u s t  be a b l e  to r e s o l v e  t h e  spec t rum w e l l  eAough to see 

t h i s .  Hence o u r  experiment  is concerned  w i t h  h i g h d i s p e r s i o n  

spec t roscopy .  So o u r  exper iment  t h e n  is to look at these  

~ 

8 
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v e r y  b r i g h t  s t a r s ,  d i s p e r s e  the  l i g h t s  i n  a s p e c t r o g r a p h ,  

a n d  i n  some manner t o  detect  the  p resence  or absence ,  as t h e  

case may be, of l i n e s  which we have p r e - s e l e c t e d ,  That is 

from atomic s t r u c t u r e ,  molecular s t r u c t u r e ,  w e  p r e d i c t  

a t  what p o i n t  of t h e  spectrum these  l i n e s  shou ld  e x i s t ,  So 

w e  do n o t  have t o  scan the e n t i r e  spec t rum,  

These l i n e s ,  i f  w e  c a n  s a y  something about  them 

i n  angstroms t o  g i v e  you an idea to compare t b m  w i t h  the 

p r e v i o u s  p r e s e n t a t i o n ,  the  w i d t h  of these l i n e s  is pe rhaps  

of t h e  order of a t e n t h  of an angstrom i n  w i d t h ,  which is I 

t h i n k  something l i k e  a f u l l  factor  of t e n  o v e r  t h e  nar rowes t  

bandwidth that w e  had b e f o r e  mentioned.  T h a t  means t h a t  

i n  order to  detect  t h i s  a b s o r p t i o n  i n  t h e s t a r l i g h t ,  w e  must 

be able t o  r e s o l v e  roughly  t h e  same band pa th ,  t h a t  is a 

t e n t h  of an angstrom, 

So much fo r  what we are t r y i n g  to  do, L e t  m e  show 

you a l i t t l e  b i t  of what  o u r  p r e s e n t  thoughts  are on how 

w e  would go about  do ing  i t ,  what t h e  equipment is, 

We have a l i t t l e  b i t  o f  a problem i n  t ha t  we need 

v e r y  b r i g h t  sou rcesand ,  as  was brought  o u t  before ,  these  

b r i g h t  s o u r c e s  are ra ther  scarce ,  When I s a y  b r i g h t  s o u r c e s  

I mean i n t r i n s i c a l l y  b r i g h t  s o u r c e s ,  t h a t  is i f  you were up 

close to them, you could s e e  they  were b r i g h t ,  They might  

be v e r y  d i s t a n t .  By b r i g h t  s o u r c e s ,  I a m  t a l k i n g  of tb fact  

t h e y  are b r i g h t  i n  t h e i r  u l t r a v i o l e t ,  They have a larger 
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P a r t  of t h e i r  to ta l  energy i n  t h e  u l t r a v i o l e t  t han  i n  the 

v i s i b l e ,  For example, because of t h i s  r equ i r emen t ,  there 

are n o t  too  many of those stars, and i n  order to have a u s e f u l  * 

i n s t r u m e n t ,  w e  have to be able t o  u s e  these stars even though 

they  a r e  q u i t e  fa r  away f r o m  u s ,  ad a p p a r e n t l y  ra ther  f a i n t ,  
* 

The upshot  of a l l  t h i s  is t h a t  w e  need a r a t h e r  large 

a p p e r t u r e ,  n o t  t h e  largest  presented today, but t he  second 

l a rges t ;  24 i n c h e s  is our a p p e r t u r e .  T h i s  is a 24 i n c h  

diameter l i g h t  col lector  a p p e r t u r e .  The "F" ra t io  of t h i s  

mirror is, accord ing  to  a l i g h t  d e s i g n ,  F/3 .  There w i l l  be 

a secondary  mirror, Cassegrain secondary ,  which w i l l  change 

the o v e r a l l  "F" ra t io  to  F/20. (See figure) 

The l i g h t  t h e n  is brought  to  a f o c u s  a t ,  l e t  us 

say ,  t h i s  p o i n t  here on a s l i t  w i t h  a spec t rogCaph.  The 

e n t r a n c e  slit of t h e  spectrograph is of  t h e  order of f i v e  

m i c r o n s ,  v e r y  narrow. You can a l r e a d y  see what so r t  of 

r e s t r i c t i o n  t h i s  is going  t o  m a k e  on p o i n t i n g  accu racy  if w e  

are n o t  going t o  have t h i s  wander o n  and  off the s l i t .  

Located down here rough ly  i n  the c e n t e r  of the 

g r a t i n g  w i l l  be a concave g r a t i n g .  The whole e p e c t r o g r a p h  

w i l l  be a Rowland type of spectrograph.  The l i g h t  w i l l  

come down and h i t  t h e  concave g r a t i n g  and f o r m  the spec t rum 

a long  t h e  edge of t h e  Rowland c i r c l e .  Along the edge beh ind  

e x i t  s l i ts  of the same w i d t h  w e  w i l l  have a se r ies  of 

photo tubes .  
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I might e x p l a i n  why w e  have  so many, I have f o u r  

here .  There is a c t u a l l y  a f i f t h  o n e ,  b u t  t h a t  i s  on ly  f o r  a 

ininor procedure  e a r l y  i n  the  o r b i t i z g  of t he  satellite and 

I won'tgo i n t o  that  a t  the moment. We have,  i n s t e a d  of f o u r  

s e p a r a t e  t u b e s ,  t h a t  is f o r  f o u r  s e p a r a t e  wave l e n g t h s ,  w e  

have t w o  p a i r s .  Two w i l l  be f o r  what w e  ca l l  t h e  fa r  

u l t r a v i o l e t ,  which may go down as f a r  as 800 angstroms 

and  may be up t o  1600 angstroms,  T k o t h e r  w i l l  go and take 

o v e r  a t  15 to 16 hundred angstroms and go t o  3200 angstroms.  

Why do w e  have t w o ?  I t  comes back t o  t h e  problem, 

how w e l l  c a n  t h i s  t h i n g  be guided ,  once  i t  is up t h e r e ?  

I t  is q u i t e  p o s s i b l e  t h a t  p e r f e c t  g u i d i n g  is imposs ib l e .  

Ours  w i l l  o sc i l la te  back and forth w i t h  some ampl i tude  

according to t h e  s e n s i t i v i t y  of the  g u i d i n g  and i t  w i l l  

c a u s e  a f l u c t u a t i o n  of t h e  ref lected l i g h t .  That f l u c t u a t i o n  

w e  are n o t  i n t e r e s t e d  i n .  In  fact ,  i f  w e  ge t  t h a t  

f l u c t u a t i o n ,  i t  w i l l  d is tor t  tk in fo rma t ion  g o i n g  t o  one 

t u b e .  What w e  a re  now t h i n k i n g  of i s  having tw  t u b e s  and 

o n l y  on t h e  ground t a k i n g  the  ra t io  of the  o u t p u t  o f  those 

t w o  t u b e s  so t h t  as t h e  l i g h t  i n t e n s i t y  is f l u c t u a t i n g  

as i t  comes t o  t h e  a g s t r o m  slit of the  s p e c t r o g r a p h  i t  w i l l  

affect  both t u b e s  by t h e  same f a c t o r ,  If you t a k e  t h e  r a t i o  

t h a t  f a c t o r  cancels o u t .  

That  system is not  new. I t  has been used  s e v e r a l  

t i m e s  a l r e a d y .  So t h a t  e x p l a i n s  the  t w o  p a i r s  of t u b e s ,  
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Now, i n  each p a i r  w e  w i l l  have one which is h e l d  a t  

a f i x e d  wave l e n g t h ,  and t h e  o t h e r  w i l l  s c a n  by t h a t  s p e c t r a l  

l i n e  which I have drawn p r e v i o u s l y .  So t h a t  now as w e  take 

the  r a t i o  we hope t h e r e  w i l l  be a d i p  i n  the r a t i o  

cor responding  to the  d i p  i n  t h a t  s p e c t r a l  l i n e  as t h e  slit  

s c a n s  by i t  and t h a t  d i p  w i l l  be a rea l  d i p  which is i n  the  

spectrum, and n o t  a d i p  because the  s t a r  happens t o  be 

momentarily o f f  t h e  e n t r a n c e  s l i t .  We p l a n  a l l  o f  t h i s  

to  be p u l s e  coun t ing  equipment,  t h e  o u t p u t  of a l l  of these 

tubes .  I t  i s n o t  c e r t a i n  y e t  whether  w e  w i l l  t r y t o  send 

down t o  t h e  e a r t h  t h e  accumulated amount o f  c o u n t s  i n  a 

f i x e d  time i n t e r v a l ,  o r  whether ,  as D r .  M i l l i g a n ’ s  

experiment  mentioned, w e  might count  up t o  some s t a n d a r d  

number of c o u n t s ,  10 ,000  or 100 ,000,  a s t a n d a r d  number, 

and then s imply  telemeter down t h e  accumulated t i m e  t h a t  i.t 

took to g a t h e r  or accumulate  t h a t  number of c o u n t s .  But 

t h e  t ime I t h i n k  would be d i g i t i z e d  i n f o r m a t i o n  also f o r  the  

same problem, t r y i n g  to g e t  down t h e  i n f o r m a t i o n  as 

a c c u r a t e l y  as p o s s i b l e .  

. I  

N o w ,  t h i s  is our’experiment  . I f  I may t a k e  the 

l i b e r t y  of go ing  a l i t t l e  beyond our exper iment  i n t o  t he  

s a t e l l i t e  as a whole, because  as w e  have been t h i n k i n g  of 

i t ,  w e  have no t  been able to  disassociate i n  o u r  mind t h e  

requi rements  of t h e  s a t e l l i t e  fmm t h e  r e q u i r e m e n t s  of o u r  

experiment .  
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5 1  

DR. ROMAN: I was going t o  sugges t  t h a t  you do t h i s  

r a t h e r  b r i e f l y ,  because t ime is running  on ~ 

DR. I tOGIW30N: A l l  r i g h t .  Well ,  i t  is very impor tan t  

fir u s  t o  know what s t a r  w e  a re  looking  a t  , Even though 

i.1 Dr. Code's  exper iment  he can g e t  a n  i d e a  a€ what t h e  

s t a r  is from the  c o l o r  and the  i n t e n s i t y  w i t h  p r a c t i c a l l y  

no ambigui ty ,  we would l i k e  none a t  a l l .  So we would l i k e  

very much to have e s s m  t i a l l y  a finder t e l e s c o p e ,  a t e l e s c o p e  

backed up by a t e l e v i s i o n  w h i c h  would only  be on  as the  

s a t e l l i t e  passed  overhead, and would be able t o  g i v e  u s  a 

1 0  by $0 degree  f i e l d .  We f e e l  t h i s  is ample far 

r e c o g n i t i o n  of c o n s t e l l a t i o n  p a t t e r n s  so t h a t  w e  can p i c k  

our stars 

A t  t h e  t i m e  t h a t  we f i n d  t h a t ,  w e  hope by d i r ec t  

command t o  t h e  s a t e l l i t e  t o  be a b l e  to move the  s e l e c t e d  

s ta r  i n t o  t h e  f i e l d  of o u r  i n s t rumen t ,  

Now, t h i s  is a r a t h e r  l a r g e  f i e l d  t o  g e t  t h i s  aimed 

p r o p e r l y  so  we hope then to  have  a second t e l e v i s i o n  sys tem.  

There w i l l  be a m i r r o r  a t  t h i s  p o i n t  i n  our  des ign  w i t h  a 

hole  i n  i t ,  t h e  t o t a l  f i e l d  be ing  of t h e  o r d e r  of a d e g r e e ,  

perhaps  a l i t t l e  l e s s .  T h i s  l i g h t  would then mme o u t  and 

feed i n t o  ano the r  t e l e v i s i o n ,  the f i n e  scale t e l e v i s i o n ,  

and t h e  f i e l d  he re  would show a h o l e .  What we would then 

a t t e m p t  t o  do, as soon a s  we see our s t a r  come i n t o  t h i s  

f i e l d ,  w e  would t h a  on ly  look a t  t h i s  t e l e v i s i o n  and f o r c e  
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t h a t  s t a r  i n t o  t h e  h o l e .  Once i t  w a s  i n  t h e  hole, then  

i t  would f a l l  on t h e  s l i t ,  and on the gu id ing  mechanism, 

t h a t  is t h e  g u i d i n g  c e n t e r ,  which is a t  t h i s  p o i n t  here.  

T h a t  is ,  you may h a v e ,  f o r  example, the slit j u s t  t i l t e d  so 

that l i g h t  may be taken off  t o  t h e  s ide  i n t o  p h d t o m u l t i p l i e r s  

a n d  give you an  error s i g n a l .  So once i t  goes through t h e  

h o l e ,  i t  f a l l s  on t h e e r r o r s e n s i n g  dev ice ,  and i t  comes 

back to you peop le  to do something abou t  i t ,  and then  b r i n g  

the image back .  

MR. WHITNEY (Ramo-Wooldridge, I n c . ) :  We have n o t  

been a b l e  t o  es tabl ish the  a n g u l a r  p o i n t i n g  c o n t r o l  you 

need wi thou t  t h e  diameter of the secondary  mirror. 

DR. ROGERSON: L e t  m e  s a y  w e  want zero p o i n t  
(c  1) 

one  second of arc/for e s s e n t i a l l y  an i n d e f i n i t e  p e r i o d .  We 

erpect t ha t  the s a t e l l i t e  w i l l  n o t  be a v a i l a b l e  t o  u s  

excep t  once e v e r y  12  hours,  f o r  example.  We were t h i n k i n g  

of a polar o r b i t .  During t h a t  1 2  hour period w e  would be 

on a star and observe t h e  e n t i r e  t i m e .  We hope to have a 

command memory which w i l l  t e l l  these pho to  t u b e s  what wave 

l e n g t h  t o  go to  and then  s e t  them i n  an a u t o m a t i c  s c a n n i n g  

operat ion.  Once t h a t  s c a n n i n g  o p e r a t i o n  had been completed 

s e v e r a l  t i m e s ,  accordirg t o  t h e  a c c u r a c y  t h a t  w e  are  i n t e r e s t e d  

i n ,  t h e n  i t  would move on  to the n e x t  l i n e .  So the 

t e l e s m p e  would be i n  o p e r a t i o n  a l l  the t i m e  e x c e p t  d u r i n g  

- 3  

s e t t i n g  on a new s t a r ,  T h a t  i n fo rma t ion  would be s tored  and 
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d i sgorged  when t h e  s a t e l l i t e  came overhead The s t o r a g e  

c a p a c i t y  is n o t  g rea t  far t h i s  t y p e  of work, b e i n g  something 

of t h e  o r d e r  of 10 to t h e  fifth bits i n  a 12 hour  p e r i o d .  

Now I would l i k e  t o  go f u r t h e r ,  b u t  I t h i n k  I 

a m  running  over .  So perhaps  w e  had be t t e r  have q u e s t i o n s ,  

DR. ROMAN: I would l i k e  to m a k e  one remark 

first on t h e  p o l a r  o r b i t ,  t h a t  is, have you thought  of  

the f ac t  t h a t  you are go ing  to have to  @ th rough t h a t  Van 

A l l e n  b e l t  i n  the  p o l a r  o r b i t ?  

DR.  ROGERSON: Well, i t  h a s  come up.  We have no t  

decided how bad t h a t  would be for i t .  

DR. ROMAN: I have spent  most of t h e  t i m e  t h ink ing  

w e  want  to s t a y  awwfrom t h e  p o l a r  o r b i t  for that r e a s o n .  

DR. TRAGESER (Massachuset ts  I n s t i t u t e  of 

Technology):  Does your  equipment have any moving p a r t s  

i n  s cann ing  t h i s  while you are moving, wh i l e  making t h i s  

a l  ignme n t ? 

D R ,  ROGERSON: Yes. L e t  me s a y  t h i s ,  During t h e  

s c a n n i n g  w e  s c a n  s l i t  w i d t h  by s l i t  wid th .  I t  is n o t  a 

Continuous mot ion ,  The motion s t o p s .  We i n t e g r a t e  for 

whatever  t i m e  i t  takes to g e t  10,00Ocounts ,  for example. 

DR. TRAGESER: How l o n g  does i t  s t o p ?  

MR. ROGERSON: Of the order o f ,  s a y ,  f i v e  m i n u t e s >  

After i t  h a s  accumulated those  c o u n t s ,  t h o s e  c o u n t s  w i l l  go 

i n t o  storage.  Then t h e  slit w i l l  move t o  t h e  next band wid th  
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and scan  a g a i n .  

t h e  i n t e g r a t i o n ,  b u t  s t e p  by s t e p ,  The s t e p s  are e q u i v a l e n t  

to f i v e  m i c r o n s  be ing  i n  t h e  s p e c t r a l  range  e q u i v a l e n t  to  

about  a 20 th  and a 10 th  of a n  angstrom. 

'0 t h i s  is n o t  c o n t i n u a s  m o t i o n  d u r i n g  

MR. STAROS (Spe r ry  Gyro Company): D r .  Rogerson, 

do I get t h e  impress ion  from what you say that  more than  

one  experiment  is performed in a s i n g l e  s a t e l l i t e ,  your s  w i t h  

somebody  e l se ' s ,  f o r  example, o r  would one s a t e l l i t e  be used? 

DR.  ROGERSON: I d o n ' t  t h i n k  t h a t  is f o r  me t o  

answer.  There  h a s  been a f a i r  amount of d i s c u s s i o n  a l o n g  

those  l i n e s .  

DR. ROMAN: I think the  ww the progran l o o k s  now 

t h e  answer i; y e s ,  t h a t  t h e r e  w i l l  be more than  one 

experiment i n  t h e  s a t e l l i t e .  That  goes f o r  a l l  the  e x p e r i -  

ments which have been d i s c u s s e d ,  T h i s  is a p o i n t  I w a s  go ing  

to b r i n g  up later.  I t  is j u s t  as w e l l  to ge t  i t  on the record 

now. I t  does  n o t  look feas ib le ,  w i t h  the number of v e h i c l e s  

t h a t  w e  have a v a i l a b l e  ur expec t  to haR a v a i l a b l e  

fo r  t h i s  program, to  a s s i g n  a s i n g l e  exper iment  p e r  v e h i c l e  

and s t i l l  p r o v i d e  any leeway f o r  backup i n  case of f a i l u r e .  

MR. KERPECHAR (Kearfott Co., Clifton, N .  J.): 

Assuming you a re  i n t e r e s t e d  i n  a hi& p o i n t i n g  a c c u r a c y ,  

what i n f l u e n c e  does the aberration of light Worn the star 

, due to  the  a a n g e  a€ v e l o c i t y  i n  o r b i t i n g  around 

the ear th ,  wha t  i n f l u e n c e  does t h a t h a v e  on y o u r  exper iment?  
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DR.  ROGERSON: A s  f a r  as t h e  p o i n t i n g  is concerned, 

I hope the g u i d i n g  w i l l  be s u f f i c i e n t  t o  take t h a t  O Q t .  But 

+I, I , U C ~ E :  are dcppler shifts rvhich will a m ~ ~ n t  to  t h e  order  of 

one of our s l i t  widths maximum, If & e n  w e  s t o r e  o u r  

c o u n t s  w e  also s tore  t h e  time so  t h a t  w e  know where w e  are  

i n  t he  o r b i t ,  w e  can  t a k e  account  of t h a t  f a c t .  

MR. KERPECHAR: You can get f i v e  seconds  

d i sp lacemen t  o n  a selected star I i f  you are moving 
of ing 

25,000 f e e t  per  second,  Is your accu racy /po in t /one  second 

for 45 minu tes ,  something l i k e  t h a t ?  

D R .  ROGERSON: Twelve h o u r s .  

MR. KERPECHAR: What is your i n t e g r a t i o n  t i m e ?  

Due t o  d i sp lacemen t  on t h e  sphere of t h e  s tar ,  how f a r  would 

the s t a r  move b a n  i n t e g r a t i m  p e r i o d ?  What is the 

i n t e g r a t i o n  t i m e ?  

DR, ROGERSON: The i n t e g r a t i o n  time is of the  order 

Of f i v e  minu tes ,  I would s a y ,  I hope t h a t  the g u i d i n g  is 

g o i n g  to be a c t i v e  so tha t i f  the image does t e n d  to move, 

there is a correction, w e  d o n ' t  s e t  i t  at one p o i n t  and l e a v e  

the s a t e l l i t e  t o  its own devices ,  

D R .  ROMAN: What you are r e a l l y i n g  s a y i n g  is t h a t  

t he  f i n e  g u i d i n g  h a s  to  have s u f f i c i e n t  capab i l i t y  to  take 

out a little greater th3n 3 second of arc error  due t o  

a b e r r a t i o n ,  

DR, ROGERSON: We are hoping t h a t  w e  can  keep w i t h i n  
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tha t  . 
MR. TRIPLET": The guidance  system has to track a 

moving t a r g e t .  I t  means that its maximum rate of motion  is 

something of the  order of three seconds  of an arc. 

DR. KUPPERIA??: A r e  w e  t a l k i n g  about  t h e  p a r a l l a x ?  

DR. ROMAN: N o ,  a b e r r a t i o n .  

MR. YEYER (Mart in  Company - Space F l i g h t  

D iv i s ion ) :  Can you t e l l  me how long  your f i v e  micron 

e n t r a n c e  s l i t  is? 

DR. ROGERSON: The accuracy  i n  t h a t  c o o r d i n a t e  is 

I t  can  be s e v e r a l  m i l l i -  
across 

no t  n e a r l y  as s e v e r e  as/the slit. 

meters long ,  I would s a y ,  i n s t e a d  o f  t he  f i v e  microns or so, 

a t  l e a s t i n  t h e  one c o o r d i n a t e .  

QUESTION: I have a q u e s t i o n  concern ing  

experiment  management. 

DR. ROMAJ : Could w e  l e a v e  that  for  a l i t t l e  later? 

I would l i b t h e s e  d i s c u s s i o n s  to  re la te  d i r e c t l y  t o  the 

experiment. There w i l l  be t i m e  f o r  the o the r  t y p e  of 

q u e s t i o n s .  Any more on the exper iment?  

MR. MITCHELL (Boeing A i r p l a m  Company): What is 

the r e s o l u t i o n  you c a n  g e t  from your secondary  mirror fo r  

g u i d i n g  purposes? 

DR. ROGERSON: I am sor ry ,  I Q n ' t  u n d e r s t a n d .  

MR. MITCEELL: You i n d i c a t e d  from the  e x p e r i m e n t  

you would p rov ide  an e m r s i g n a l  to the  gu idance .  What sor t  

, 
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of r e s o l u t i o n  can  you g ive?  

DR, ROGERSON: We are assuming t h a t  w e  can g i v e  you 

a s ~ i t a b l e e ~ o r s i g n a l  cor responding  to a t e n t h  of a second of 

arc. 

MR, MITCHELL: I t  h a s  to  be somewhat be t te r  than  

a t e n t h  of a second i f  you are going  to g u i d e  t h a t ,  

DR, ROGERSON: What I meant is so  you c a n  gu ide  

w i t h i n  t h i s  accuracy I don’ t  know whether  t h a t  is so.  

A t  Pr inceton U n i v e r s i t y  w e  have a b a l l o o n  t e l e s c o p e  p r o j e c t  

which w i l l  be going o u t  t h e r e  next yea r  -- excuse  m e ,  1961, 

That  is des igned  to  meet t h e s e  s p e c i f i c s ,  ,to gu ide  w i t h i n  

a t e n t h  o f  a second of arc, I am hoping w e  w i l l  g e t  

p r a c t i c a l  e x p e r i e n c e  on  just how t h a t  can be done satisfactor- 

i l y .  A t  p r e s e n t  i t  is a tough job  b u t  i t  does  n o t  seem t o  

be imposs ib l e  t o  p rov ide  an  error s i g n a l  t h a t  w i l l  allow 

a good servo mechanism t o  keep t h i s  point/ w i t h i n  a t e n t h  Of 
1% 

a second of a rc .  

MR. CHAMBERLAIN (Hughes Aircraft Company) : What is 

t h e  size of your  g r a t i n g ?  

DR. ROGERSON: I t  w i l l  be something l i k e  t w o  i n c h e s  

square 

DR. ROMAN: Any f u r t h e r  q u e s t i o n s ?  

MR. HYDE (American O p t i c a l  Company): We are working 

w i t h  f i b e r  o p t i c s  c o n f i g u r a t i o n s .  We are a b l e  to  t ake  a 

bundle  of  t h e s e  o p t i c a l  f i b e r s  which is round a t  one end and 
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r e a r r a n g e  the fibers so t ha t  they  are i n  a s t ra ight  l i n e  at  

the other end.  Now,  t he  p o s i t i o n i n g  of t h e  star has  y e t  to 

be w i t h i n  the  area of t h e  round bundle a t  the i n c i d e n t  end ,  

b u t  as t h e  s tar  wanders on  t h i s  round bundle i t  comes o u t  of 

f i b e r s  which a r e  up o r  down i n  d i f f e r e n t  p a r t s  of t h e  e n t r a n c e  

slit .  By t h i s  method one  can trade a t i g h t  t o l e r a n c e  i n  

one  d imens ion  and a loose one i n  the other dimension fo r  an 

i n t e r m e d i a t e  t o l e r a n c e  i n  t he  t w o  dimensions.  Now we d o n ' t  

have f i b e r s  that  work down i n  t he  f a r  u l t r a v i o l e t .  We c a n ' t  

do t h i s  a t  this t ime, But  t h i s  m i g h t  allow gar to compromiae 

from t h i s  v e r y  s e v e r e  t r a c k i n g  requi rement  you have ,  because  

of your requirement  f o r  v e r y  high r e s o l v i n g  power. 

DR. ROGERSON: I would c o n s i d e r  the  fact that  

t h e  bundles  are probably  n o t  t r a n s p a r e n t  rather s e r i o u s .  

MR. HYDE: A l l  I a m  s a y i n g  is t h a t  w e  have n o t  

made f ibers  o u t  of the materials tha t you have to u s e  i n  

t h i s  k i n d  of system. We d o n ' t  have any d i f f e r e n t  r e q u i r e m e n t s  

than you do i n  other places f o r  p r o v i d i n g  t r a n s p a r e n t  materiiik. 

DR. ROGERSON: That  is e n t i r e l y  t r u e .  

DR. ROMAN: I t h i n k  t h i s  is a good p o i n t  t o  take a 

recess before w e  go on t o  the s o l a r  expe r imen t .  I s u g g e s t  

t h a t  w e  have about  t e n  minu tes  t o  s t re tch o u r  l e g s .  

(Shor t  recess .) 

DR. ROMAN: I t h i n k  now t h a t  w e  see how t h e  t i m e  

is running ,  i t  is obvious  t h a t  w e  w i l l  have to have a shor t  
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s e s s i o n  t h i s  a f t e r n o o n .  I t h i n k  the arrangement  w i l l  be 

t h a t  w e  w i l l  now go t o  a d i s c u s s i o n  of the Michigan solar 

experiment .  We w i l l  then have a d i s c u s s i o n  of t h e  e n g i n e e r i n g  

a s p e c t s  of t h e  o r b i t i n g  obse rva to ry  and a few b r i e f  remarks 

on the e n g i n e e r i n g  a s p e c t s  of t h e  expe r imen t s  themselves  + 

We w i l l  t r y  t o  break  f o r  lunch  a t  q u a r t e r  to one,  I s u g g e s t  

t h a t  w e  reconvene a b u t  two o ' c l o c k ,  Then we w i l l  devote  

t h e  nex t  p e r i o d  of d i s c u s s i o n  t o  t h e  management and 

a d m i n i s t r a t i v e  a s p e c t s  of the  program, We w i l l  f i n a l l y  end 

up a f t e r  t h a t  w i t h  t w o  movies, and one p r e p a r e d  by t h e  

Ames Research Cen te r ,  and the  o t h e r  p r e p a r e d  by t h e  Langley 

Research Center ,  o n  t h e  work t h a t  h a s  been done on guidance 

and s t a b i l i z a t i o n  p o b l e m s  f o r  t h i s  project .  

I w i l l  now t u r n  the  s e s s i o n  over to  Cr ,  L i l l e r .  

SOLAR EXPERIMENTS UNIVERSITY 
OF MICHIGAN, BY DR. W, LILLER, 

DR. LILLER: I don ' t  b e l i e v e  I need a blackboard  

f o r  a n y t h i n g ,  so I s h a l l  s t a y  r i g h t  h e r e .  

F i r s t ,  t e l l i n g  you what w e  would l i k e  t o  do,  o u r  

expe r imen t s  are  e n t i r e l y  on t h e  sun  and t h e  solar  

a tmosphere ,  because t h e r e  w i l l  be c e r t a i n  s i m p l i f i c a t i o n  

i n  t h e  p o i n t i n g  system, presumably some of the  payload  

Spacer and weight  which w i l l  be needed f o r  t h e  o t h e r  

expe r imen t s  w i l l  /be needed i n  o u r s  
not 

We w i l l  p robab ly  l i k e  

to u s e  t h i s  a d d i t i o n a l  space  f o r  data storage c a p a c i t y .  
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I have d i v i d e d  the brief d e s c r i p t i o n  here that I 

am about  to  gire you i n t o  s i x  d i f f e r e n t  axeas. So l e t  me j u s t  

run  down these.  

F i r s t ,  what w e  want to  do. We want to s t u d y  

v a r i o u s  areas, small areas cm the s u r f a c e  of thd sun .  These 

areas w i l l  have a maximum size  probably  of a s q u a r e  minute  

of arc. Remember now that  the  diameter of the s u n  is a 

l i t t l e  over 30 minutes  of arc. These areas may c o n t a i n  

n o t h i n g  more than  the q u i e t  sun  s u r f a c e ,  and we may wish to  

note t h i s f o r  a s t u d y  of the so la r  area from the c e n t e r  o u t  t o  

the edge of the  llnb of the  sun  t o  see howit v a r i e s  t o  g e t  

i n fo rma t ion  from theheiGh'! d i s t r i b u t i o n  of t h e s e  d i f f e r e n t  

types of r a d i a t i o n  t h a t  w e  w i l l  look at .  

We w i l l  also be l o o k i n g  a t  excited areas, solar 

f l a r e s p a r t i c u l a r l y ,  s u n s p o t s ,  prominences or c o r o n a l  

r e g i o n s  which s h o u l d  be f a i r l y  br ight  i n  c e r t a i n  r a d i a t i o n s .  

These a r e a s  would be selected i n  advance,  perhaps as t h e  

s a t e l l i t e  is go ing  overhead ,  and the s a t e l l i t e  w o u l d  t h e n  

be programmed to  obse rve  the p a r t i c u l a r  area whlch has been 

chosen,  and then the equipment w i l l  be s ta r ted .  

No. 2, the  i n s t r u m e n t s  tha t  we  w i l l  c a r r y  are 

q u i t e  d i f f e r e n t  from the o n e s  that  you have been l o o k i n g  

a t  so far t h i s  morning. I n s t e a d  of hav i rg  a large telescope 

w i t h  a small spectrograph attached to  i t ,  we w i l l  have a 

r e l a t i v e l y  large spectrograph w i t h  only a small c o l l e c t i n g  

~ - ~~ 

c 
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s u r f a c e .  The d iameter  of o u r  c o l l e c t i n g  m i r r o r s  w i l l  be 

measured i n  j u s t  a n  i n c h  o r  two f o r  t h e  most p a r t  except  

perhaps  for -  f a r  W and the x-ray r e g i o n s .  We i n t e n d  to  

have three g r a t i n g  spectrometers. The f i r s t  one  w i l l  cover  

the range from 1500 t o  3,000 angstroms w i t h  a p h o t o m u l t i p l i e r  

scanning  the spec t rum as w e  r o t a t e  t h e  g r a t i n g .  Secondly,  

a spectrometer cover ing  the  reg ion  from 500 t o  a l i t t l e  

over 1500 angstroms t o  g e t  some o v e r l a p  aga in  w i t h  a 

p h o t o m u l t i p l i e r  o u t p u t ,  and the t h i r d  spec t romete r  w i l l  cover 

the r eg ion  from a l i t t l e  g r e a t e r  than  500 angstroms dom 

to as f a r  as w e  can go. We t h i n k  t h i s  w i l l  be under  a 

hundred angstroms down t o  maybe 75 angstroms,  aga in  with a 

p h o t o m u l t i p l i e r  o u t p u t .  

The f o u r t h  in s t rumen t  of t h e  f o u r  main ones  t h a t  

w e  i n t e n d  t o  have w i l l  be a s p e c t r o h e l i o g r a p h  or i n  t h i s  

case c a l l e d  a s p e c t r o h e l i o m e t e r ,  which w i l l  be s e t  on t h e  

Lyman alpha l i n e  of hydrogen a t  1216 angstroms.  An image 

Of t h e  sun w i l l  be produced i n  t h i s  radiat ion and w i l l  be 

moni tored  by a v i d i c o n ,  e i t h e r  by command o r  by s t o r a g e .  

There w i l l  be p o s s s i b l y  a d d i t i o n a l  s m a l l  

expe r imen t s ,  x-ray coun te r s ,  for  example, which do n o t  take 

up much space  or weigh t ;poss ib ly  a second t e l e v i s i o n  r e c e i v e r  

Camera w i l l  be used to photograph the  sun i n  o t h e r  

Wavelengths,  perhaps ,  than i n  the x-ray r e g i o n s ,  Th i rd ,  

the o p e r a t i o n  o f  tb system w i l l  be run  something l i k e  this, 
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Each spectrometer w i l l  have two, p o s s i b l y  three, s c a n  speeds, 

The fast scann ing  speed w i l l  g i v e  u s  a total  s c a n  of the 

p a r t i c u l a r  wave l e n g t h  r e g i o n  which t h a t  s p e c t r o m e t e r  is 

i n t e n d e d  to obse rve  i n  a r e l a t i v e l y  sMrt  t i m e ,  t w o  minutes .  

The sun  is br ight .  We c a n  do t h i s  and w e  can get q u i t e  a 

b i t  of in fo rma t ion .  Two minutes  is chosen t o  be roughly  a 

t e n t h  of a l i fe t ime of a solar f la re ,  probably  the shortest  

l i v e d  even t  t h a t  we w i l l  obse rve  o n  the sun .  T h i s  s cann ing  

w i l l  r u n  c o n t i n u o u s l y  as long as t h e  sun  is up above the 

h o r i z o n  and f a i r l y  w e l l  o u t  of the atmosphere of the  earth. 

So t h i s  w i l l  be rapid s c a n s  back and fo r th  d u r i n g  the 

o r b i t i n g  t i m e .  

There  w i l l  be a second  speed, a v e r y  slow s c a n ,  

o n e  scan p e r  o rb i t ,  that is,it w i l l  last of the order of 

45 or  50 minutes ,  t h e  l e n g t h  of ti= the s a t e l l i t e  is i n  

s u n l i g h t .  It is one s c a n  per  r e v o l u t i o n  i n  t h i s  case. 

A l l  three spectrometers w i l l  have an arrangement  

such  as t h i s .  A spectroheliometer w i l l  s c a n  r e l a t i v e l y  

s lowly.  

looked i n t o  e n t i r e l y  y e t .  The t o t a l  number of p ic tures  

which w e  w i l l  take p e r  o rb i t  depends on how much storage 

c a p a c i t y  w e  have. T h i s  I w i l l  come back t o  i n  j u s t  a 

moment. 

I t  can be a number of seconds. T h i s  w e  have n o t  

S e c t i o n  4 i s o n  the  i n f o r m a t i o n  rates t h a t  w e  w i l l  

be sending  back and the storagewe w i l l  need .  For a fast s c a n  
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we e s t i m a t e  t h a t  we w i l l  have for any  one spec t romete r  s e v e r a l  

hundred b i t s  p e r  second,  information b i t s  pe r  second,  or a 

total  of about a m i l l i o n  b i t s  f o r  a complete o r b i t .  T h i s  is 

w i t h  t h e  f a s t  scanning  going  a l l  t he  t i m e ,  The s low scan  w i l l  

no t  g i v e  q u i t e  as much informat ion  p e r  r e v o l u t i o n .  I t  w i l l  

be about  two t imes t en  t o  the  f i f t h  in fo rma t ion  b i t s .  

The spec  t rohel iome ter  , the t o  tal number of b i t s  depends 

on the  r e s o l u t i o n  of course  that  we can g e t ,  bu t  presumably 

i t  would be of the  order of a m i l l i o n  information b i t s  p e r  

s c a n ,  We t h i n k  i n  terms of a p i c tu re  200 by 200 p i c t u r e  

e l emen t s  w i t h  a dynamic range of perhaps  a hundred OT 

something of t h a t  s o r t ,  We would then have,we roughly  

estimate, a m i l l i o n  informat ion  b i t s .  As f a r  as t he  s t o r a g e  

is concerned ,  w e  would l i k e  to  be able t o  s tore  the order of 

t e n  t o  the s e v e n t h  informat ion  b i t s ,  which is r e a l l y  q u i t e  a 

l o t ,  I t  does n o t  seem impossible., though i f  we use  t a p e ,  

a l though  of course  t h e  moving wheels  you have i n  a t ape  

recorder shou ld  be avoided ,  i f  possible. So, core memory 

sys tems o r  s t o r a g e  tubes ,  t h a t  is something that w e  have 

to look  i n t o  y e t ,  and w e  i n t e n d  to do t h i s  w i t h  some c a r e .  

If we  can  g e t  t e n  to  t h e  seventh  storage b i t s ,  we  s h o u l d  be 

able then  to take a number of Spec t rohe l iQgrams dur ing  one 

orbi t ,of  t h e  o r d e r  of 10 p i c t u r e s  perhaps .  We would s e t t l e  

f o r  l ess ,  n a t u r a l l y ,  We may have to  s e t t l e  f o r  l ess .  

The a c t u a l  procedure:  We p i c t u r e  an  o p e r a t o r  a t  one 
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of the  r e c e i v i n g - t r a n s m i t t i n g  s t a t i o n s  on earth Be would 

have a v a i l a b l e  the most r e c e n t  spec t rohe l iogram or ,  

p r e f e r a b l y ,  i f  the s a t e l l i t e  were in s u n l i g h t  at  the  t i m e  it 

went over the  s t a t i o n ,  t he  operator shou ld  be able t o  command 

the s a t e l l i t e  t o  s e n d  a picture of the sun  i n  Lyman alpha 

as i t  appears  at t h a t  i n s t a n t .  T h i s  would be done presumably 

i n  the t i m e  which is something less than a minute ,  and 

he would then have the s e v e r a l  d e c i s i o n s  to  make. 

F i r s t ,  what area of a e  sun to p o i n t  a t ,  whether 

i t  be a f l a r e  o r  a sunspo t  o r  j u s t  t h e  s u r f a c e  of the q u i e t  

s u n ,  o r  ou t  i n  the corona  somewhere, and w e  hope tha t  he w i l l  

be able to p o i n t  t o  the n e a r e s t  minute  of arc. We e n v i s i o n  

a console  where he can by s t e p  command have the p o i n t i n g  

axis of the sys tem move a c e r t a i n  number of minutes  o f  arc 

to the east or west or nor th  o r  s o u t h ,  and t h e n  the operator 

must make t h e  d e c i s i o n  whether  to start s l o w  scann ing  o r  

f a s t  scanning  i n  o p e r a t i o n  o r  none a t  a l J ,  of cour se .  H e  

does n o t  have t o  s ta r t  i t  at  t h a t  time. So he has basically 

these t w o  d e c i s i o n s ,  where to p o i n t  and how f a s t  t o  m a k e  the 

obse rva t ions .  Once the p o i n t i n g  a x i s  is located on the 

s u n ' s  d i s c ,  t h e  gu id ing  shou ld  be of the order of one  

second of arc. The g r a n u l a t i o n  of the sun's s u r f a c e ,  as 

the  P r i n c e t o n  photographs  from the high a l t i t u d e  b a l l o o n s  

have shown, shows t h a t  there is a great v a r i a t i o n  i n  

i n t e n s i t y  across the sun's disc ,  and  i f  w e  are l o o k i n g  at  
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the  order  of a sqmre minute of a r c .  w e  would want to  ho ld  

i t  f i x e d  on t h a t  s q u a r e  m i n u t e  of arc to about  one second 

of arc, 

There would also be i n t e r r o g a t i o n  command, too, 

f o r  t h e  information t o  be s e n t  back and recorded o n  the  

earth.  

F i n a l l y ,  l i s t i n g  the  d i f f e r e n t  commads tha t  we 

s h o u l d  have ,  w e  s h o u l d  have an east-west c o o r d i n a t e  c o n t r o l .  

A s  I mentimd,  a s t e p  command w i t h  pe rhaps  60 s t e p s  of one 

ninute of arco T h i s  would enable the o b s e r v e r  to  go o u t  

i n t o  the corona ,  go off the  s o l a r  disc ,  and obse rve  i n  t h e  

x-ray or f a r  u l t r a v i o l e t  r e g i o n s  the  corona  l i n e s .  Secondly 

there  w i l l  be tbe same arrangement n o r t h  and s o u t h .  Thi rd ,  

a f a s t  o r  slow command. Fourth,  a command t o  s ta r t  a t e l e v i s i o n  

s c a n  immediately and  t r a n s m i t  i t  back d i r e c t l y  w i t h  no 

storage. T h i s  t h e  o p e r a t o r  would do when he i s  ready to make 

h i s  choice. He would push t h i s  b u t t o n ,  the scann ing  would 

start -- first,  the transmitter would be t u r n e d  on ,  and then  

the  s c a n n e r  would s t a r t  a f t e r  s u f f i c i e n t  warmup t i m e ,  The 

f i f t h  command would be simple i n t e r r o g a t i o n  

I f o r g o t  to  mention i n  s e c t i o n  4 a c t u a l l y  t h a t  

t h e  dynamic r ange  w e  would l i k e  to be of the order of t e n  

to the s i x t h ,  t e n  t o  the  f i f t h  wouldbe s a t i s f a c t o r y .  

I thir3r t h a t  is a l l ,  

DR. ROMAN: A r e  there any q u e s t i o n s  on the  solar 
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experiment? 

MR. STEINUYER ( B e l l  Aircraft) : Dynamic range of 

what? 

DR. LILLER: Of the order of t e n  to the s i x t h ,  bu t  

a to  the f i f t h  would be p r e t t y  good f o r  our purposes .  We 

would l i k e  to ge t  a one per  c e n t  accuracy  on l i n e  i n t e n s i t i e s .  

I might mention t h a t  the u l t r a v i o l e t  and x-ray spec t rum 

of t h e  sun  below 1500 angstroms w i l l  be p r i m a r i l y  b r i g h t  

emis s ion  l i n e s ,  f a i r l y  sharp,  f a i r l y  discrete, Above 1500 

angstroms i t  would be a dark l i n e  spec t rum p r i m a r i l y .  

YR. TRIPLETT: You mentioned p o i n t i n g  the v e h i c l e  
I 

to one minub of arc fmm the ground. You mentioned also 

one t e n t h  of a second of arc. Have you g iven  any thought  

t o  w h a t  d e t e c t o r  you mould u s e  t o  give guidance  t o  one  

second of arc, how t h i s  is used  autmmLtical ly? 
ing 

DR. LILLER: Some of the p o i n t / c o n t r o l s  t h a t  

have been developed a t  the  U n i v e r s i t y  of Colorado by B a l l  

Bro thers  seem t o  be the type of t h i n g  that would be needed. 

Whether t h i s  can be pushed to one second of arc I cannot  s a y .  

MR. TRIPLETT: I was wondering, c o u l d  you get 3t 

e f f e c t i v e l y  locked on to  p a r t i c u l a r  areas or  whether you 

would have to look a t  a s tar  for r e f e r e n c e ,  o r  some other 

means? 

DR. LILLER: Two axes c o n t r o l  would be q u i t e  e a s y  

where you j u s t  lock on t h e  l i m i t  of the s u n .  The t h i r d  a x i s  
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would be a l i t t l e  more d i f f i c u l t  where you would want to 

p i c k  up the s t a r .  I suppose i t  would be a l l  r i g h t ,  b o ,  to 

set  on  a sun spot. The sun spot would n o t  move a p p r e c i a b l y  

& r i n g  the t i m e  of o b s e r v a t i o n .  I th ink  t h i s  would probably  

be s u f f i c i e n t  a c t u a l l y ,  

DR, ROMAN: Would your o b s e r v a t i o n  t i m e  be short enough 

so t h a t  you oould u s e  s tars  o r  mould the motion between 

the sun and  stars be s e v e r e ?  

DR, LILLER: That  is something I c o u l d  c a l c u l a t e  

q u i c k l y .  I t h i n k  i t  would not  be t h a t  large. 

DR. ROMAN: A motion of a degree a day roughly? 

DR. LILLER: Yes, t h i s  would be f o u r  minutes  of 

arc an hour ,  something of t h a t  s o r t ,  

MR, KERPECHAR ( K e a r f o t t  Co., C l i f t o n ,  N. Jo): I 

d o n ' t  u n d e r s t a d  why you must p o i n t  t h i s  a c c u r a t e l y .  V i 1 1  

you perhaps  r e v i e w  t h i s  p o i n t  briefly? 

IIR,  LILLER: Your q u e s t i o n  is why do w e  wan t  to  

p o i n t  t h i s  a c c u r a t e l y ?  

MR KERPECHAR: Yes a 

DR. LILLER: Well, many sun  s p o t s  a r e  o f  the  s ize  

o r  even smaller, S o l a r  f lares ,  for  example -- 
MR. KERPECHAR: The r e s o l u t i o n  on the s u n  then is 

the de te rmin ing  f a c t o r ,  n o t  t he  r e s o l u t i o n  of the equipment.  

DR. LILLER: That is r i g h t .  Our r e s o l u t i o n  is 

g e n e r a l l y  some t h i n g  bet ter  than  t h i s  I) 
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DR. HELVEY (Rad ia t ion ,  Inc . ) :  Is i t  env i saged  that  

i n  t h i s  obse rva to ry  there w i l l  be s e n s a r s  i n c o r p o r a t e d  for  

other than electric magnet ic  r a d i a t i o n ?  

DR, LILLER: We have n o t  i nc luded  t h i s  as one of t h e  

pr imary  in s t rumen t s .  C e r t a i n l y  I l i s t e d  a d d i t i o n a l  equipment 

such as x-ray ooun te r s  and so f o r t h  w h i c h  c o u l d  c e r t a i n l y  

i n c l u d e  par t ic le  detectors,  too. I t h i n k  t h i s  would be 

very v a l u a b l e .  

DR. ROMAN: I t h i n k  p r i m a r i l y  we can  s a y  tha t  t h i s  

p r o j e c t  is n o t  des igned  for non-e lec t romagnet ic  r a d i a t i o n .  

Any equipment aF #at n a t u r e  which m u l d  be carried would 

be d e f i n i t e l y  of a secondary  n a t u r e  which would go a long  

because there was room and because i t  c o u l d  use  the 

v e h i c l e .  But t h e  v e h i c l e  would n o t  be des igned  t o  c a r r y  i t .  

DR. HELVEY: I c o u l d  see some ve ry  great 

advantages t o  have a co- inc idence  i n  c e r t a i n  operations 0% 

both , 

DR. LILLER: Very t r u e .  

DR. R O W :  Any other q u e s t i o n s ?  

MR. GOOD: (RCA A s t r o - E l e c t r o n i c  P r o d u c t s ,  Inc . )  

Would you care t o  deve lop  any more i n f o r m a t i o n  on your  

spec t rohe l iog rams?  For  example, how you i n t e n d  to  o b t a i n  

the  image of the sun ,  what r e s o l u t i o n  you w i l l  f i n d  on 

your  TV tube and so on? 

DR, LILLER: A v e r y  n i c e  spectroheliogram has been 

Y 
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photographed a l r eady  from a h igh  a l t i t u d e  r o c k e t  by Richard 

Tousey of NRL.  H i s  s y s t e m  is q u i t e  s imple and w e  i n t e n d  to  

use i t .  I t  is noth ing  more than two concave g r a t i n g s ,  one 

of which forms a sl i t less spectrum of t h e  s u n ,  Lyman a lpha  

being ex t remely  b r i g h t  and t h e r e f o r e  r e l a t i v e l y  i s o l a t e d  

as far  as b r i g h t  r a d i a t i o n s  a r e  concerned.  I t  s t a n d s  

o u t  very  n i c e l y ,  You pu t  a c i r c u l a r  diaphragm o v e r  t h i s  

s l i t l e s s  i m a g e ,  and then a second g ra t ing  p u t s  i t  back 

t o g e t h e r  a g a i n ,  e n l a r g e s  and f o c u s e s  onto the v i d i c o n .  

The a c t u a l  r e s o l v i n g  power a v a i l a b l e  here is l imi ted  s imply  

by t h e ,  or p r i m a r i l y  by the diameter of  t h e  g r a t i n g s  of 

which the  r e s o l v i n g  power should  be of the  order of a 

second  of arc or  so.  The u l t i m a t e  r e s o l v i n g  power w i l l  be 

s e t ,  I a m  s u r e ,  by the  v id i con ,  i t s e l f .  So i f  w e  had 200 

by 200 p i c t u r e  e lements ,  and w e  f i l l e d  t h e  sun up i n  t h e  

screen, i n  the f i e l d  of view,  we would have something l i k e  

a t h i r d  of a minute of arc r e s o l u t i o n .  

MR. HUTTER (RCA Astro-Elec t ronic  P roduc t s ,  I n c , ) :  

The t e n  t o  t h e  seventh  b i t  s t o r a g e  you mentioned,  is t h i s  

s t r i c t l y  s t o r a g e  cor responding  to  t h e  s p e c t r o h e l i o m e t e r  

image, rathe: than a d d i t i o n a l  i n fo rma t ion  from t h e  s p e c t r o -  

meters? 

DR. LILLER: T h i s  s t o r a g e  w a s  t o t a l  s t o r a g e ,  the  

Spec t rohe l iome te r  i m a g e s  p l u s  t h e  scanning  in fo rma t ion  t h a t  

w e  have.  
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MR. HUTTER: Do you expec t  to break this up as t o  

how many b i t s  would be i n  t h e  spec t rohe l iome te r?  

DR, LILLER: About90 p e r  cent. 

YR, MEINEL ( K i t t  Peak National  Observa tory) :  Are 

v i d i c o n s  s e n s i t i v e  to Lyman a l p h a  o r  are any available? 

DR. L I U E R :  N o ,  as f a r  as I know t h e r e  is none 

a v a i l a b l e ,  but 1963 is still a l i t t l e  ways o f f ,  

L i th ium f l u o r i d e  js still f a i r l y  t r a n s p a r e n t  . 
Perhaps  a window can be made. 

DR. ROW: Any o t h e r  questions on t h e  so la r  

experiment? A r e  t h e r e  any o t h e r  ques tbns  on any of t h e  

experiments?  

MR. BOROUGH (Boeing Ai rp lane  Company) : D r .  

Rogerson, t he  a n g u l a r  f i e l d  view of t h e  s p e c t r o m e t e r ,  i n c l u d i n g  

the  o p t i c a l  system, w i l l  have a f i v e  'deron slit? 

DR. ROGERSON: That is one degree. Tha t  w i l l  be 

for t h e  f i n e  TV. 

MR. BOROUGH: The s p a t i a l  a n g u l a r  reso lu t ion  w i t h  

f i v e  micron slit of f o u r  i n c h e s  i n  diameter? 

DR. ROMAN: You mean what does f i v e  m i n c r o n s &  

the f o c u s  cor respond to angu la r ly?  

MR. BOROUGH: I thought  i t  w a s  abou t  e i g h t  angular 

seconds  , 

DR. ROGERSON: I t h i n k  i t  is on t h e  o r d e r  of a ten th  

of  a second of arc. 

~ 
~~~ 

e 
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MR. TRIPLETT: I th ink  i t  is .08 of a second.  

DR. LILLER: Ten to the second. 

MR. STRAUSS (Aircraft Armaments, I n c . )  I a m  th ink-  

i n g  now of the  s t r u c t u r e  which w i l l  s u p p o r t  t h i s  imposing 

a r r a y  d opt ics  and the  f ac t  t h a t  the sun  w i l l  r i se  and s e t  

on i t  twice every  hour o r  so, and therefore i n t r o d u c e  some 

thermal expansion.  Which of these exper iments  c a n  be 

des igned  i n  some n i c e l y  symmetr ical  way and whiich can  not?  

DR. LILLER: I migh t  s a y  t h a t  c e r t a i n l y  o p t i c a l  

d e s i g n s  have been dev i sed  whereby you have,  s a y ,  a - s t e e l  

s u p p o r t i n g  member which expands outwards w i t h  i n c r e a s e  i n  

tempera ture  and an  aluminum p i l l o w  on which t h e  mirror sits 

which w i l l  expand backwards and c o u n t e r a c t  t h e  thermal 

effect ,  I n  theory anyway these  thermal e f fec ts  on  the  

f o c u s i n g  can be avoided.  They may cause  changes i n  thermal 

n o i s e  of t h e  p h o t o m u l t i p l i e r .  

MR. STRAUSS: There are, f o r  example, off a x i s  

object&= i n  many cases. I wonder whether the gentlemen who 

have these experiments  have c o n s i d e r e d  t h i s  symmetry problem. 

DR. DAVIS: Our depth of f o c u s  is much larger 

t h a n  you u s u a l l y  t h i n k  of f o r  these i n s t r u m e n t s .  

DR. ROGERSON: In  o u r  experiment  w e  hope v e r y  much 

that o n e  s ide of t he  sa te l l i t e  w i l l  be c o n s t a n t l y  o r i e n t e d  

toward the  s u n ,  and there w i l l  be then  a thermal barr ier ,  

double s i l v e r  l a y e r  between t h a t  and t h e  compartment 
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c o n t a i n i n g  the  op t ics  to minimize j u s t  t h i s  problem. That 

w i l l  give you one hot  o r  a t  leas t  w a r m  regicn where you would 

want  t o  pu t  t h e  e l e c t r o n i c s  anyhow, and one very  cold r e g i o n  

which w i l l  be good fcr the photocells, By cold I mean 

something l i k e  a minus 100 c e n t i g r a d e ,  

MR. MEINEL ( K i t  t Peak Na t iona l  Observa tory)  : There 

is a problem common t o  a l l  of them tha t  has  n o t  been 

d i scussed ,  How cb you r e a c q u i r e  o r  what do you do about  

gu id ing  when your objects are n o t  v i s i b l e  to you? 
~ 

I DR. ROGERSON: That has been a great concern  t o  u s  I 

too. We had hoped to  have an a n t i - s t e l l a r s c o p e  that looks 

~ 

~ 

180 degrees  from OUT p r i m a r y  i n s t r u m e n t  p l u s  o r  minus a 

d e g r e e .  We hope to  be able to  f i n d  a star b r i g h t e r  t han  

the n i n t h  magnitude t h a t  f u l f i l l s  the  requi rement  for  any 

program star w e  are i n t e r e s t e d  i n .  If the  e a r t h  o c c u l t s  o u r  

pr imary  ins t rument ,  then the anti s ta r  can take ove r  

the a c t i v e g u i d i n g .  The accuracy  need n o t  be v e r y  great ,  

enough so that we can keep i t  when i t  comes around.  

DR, ROMAN: There are o t h e r  p o s s i b i l i t i e s  fo r  t h i s .  

There are  some problems invo lved  w i t h  the  a n t i - s t a r .  Some 

other possibi l i t ies  that have been mentioned are t h a t  you 

cou ld  u s e  a gyroscopic r e f e r e n c e  s y s t e m  fo r  t h i s  l e n g t h  of 

time. I n  theory  if you can keep YOUP s a t e l l i t e  w e l l  

enough balanced,  you d o n ' t  have to have any a c t i v e  g u i d i n g .  

MR. MEINEL: There is a tolerance regarding t h a t ,  
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because t h a t  is one of the  obvious s o l u t i o n s .  

DR.  ROMAN: I t h i n k  t h e  tolerance r e g a r d i n g  i t  is 

t h a t  then  i t  s imply  carmot: g e t  off so f a r  t h a t  t he  g u i d i n g  

s y s t e m  cannot l o c k  onto i t  a g a i n  and start t r a c k i n g .  T h i s  

depends e n t i r e l y  on t h e  guidance system, t h a t  you have.  

I know t h i s  is s i d e s t e p p i n g  t h e  answer,  bu t  I t h i n k  t h i s  

is o n e  t h a t  you c a n ' t  s a y  u n l e s s  you s p x i f i c a l l y  d e f i n e  

what you are  us ing  fo r  guidance ,  

MR, KIERSTEAD (Goodyear Aircraft C o r p o r a t i o n ) :  If 

t h e r e  a r e  more than one experiment  i n  a s a t e l l i t e  are w e  

to unde r s t and  t h a t  o n l y  one w i l l  be run  a t  a t i m e ?  

DR. ROMAN: Y e s ,  As I said,  t h e r e  probably  w i l l  

be more than  one experiment i n  a s a t e l l i t e .  They w i l l  

o p e r a t e  on a t i m e  s h a r i n g  b a s i s .  I d o  n o t  f o r e s e e  t r y i n g  

to run  more than  one experiment s i m u l t a n e o u s l y ,  

Any ques t ions  o n  t h e  exper iments?  If n o t ,  t h e n ,  

I t h i n k  w e  can g e t  to t h e  e n g i n e e r i n g  parts of t h e  program. 

I w i l l  ask, af ter  a b r i e f  i n t e r v a l  to erect  t h e  screen, 

Mr. T r i p l e t t  of t h e  Ames Research C e n t e r  t o  describe SOB 

a€ t h e i r  t h i n k i n g  on the e n g i n e e r i n g  and  t o  b r i n g  up t o  

da t e  t h e  e n g i n e e r i n g  problems on  t h e  p r o j e c t .  

ENGINEERING ASPECTS OF THE ORBITING 
ASTRONOMICAL OBSERVATORIES, NASA AMES 
RESEARCH CENTER, BY W. C .  TRIPLETT. 

MR. TRIPLETT: We have h e a r d  something from t h e  

experimenters of t h e  type of o p t i c a l  equipment and 
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i n s t r u m e n t a t i o n  needed t o  do t h i s  job.  I would l i k e  to 

m a k e  a f e w  remarks on the e n g i n e e r i n g  a s p e c t s  of the  Problem* 

F i r s t  of a l l  I might mention what o u r  i n t e r e s t  a t  

the Ames Research C e n t e r  is i n  t h i s  p r o j e c t .  We have 

r e s p o n s i b i l i t y  fo r  doing  research on t h e  v a r i o u s  e n g i n e e r i n g  

a s p e c t s  of the a s t r o n o m i c a l  s a t e l l i t e s .  We are also i n  

a pos i t i on  to act as c o n s u l t a n t s  bo th  to  Space night 

DeveloWent and also the  i n d u s t r y  and t h i r d l y  w e  w i l l  h e l p  

in e v a l u a t i o n  of p r o p o s a l s  and also i n  the  w r i t i n g  Of 

s p e c i f i c a t i o n s  . 
(Sl ide)  

F i r s t ,  t h i s  s l i d e  is t o  i l l u s t r a t e  what some Of 

the  e n g i n e e r i n g  areas are. They are of prime impor tance  i n  

t h i s  project .  We have about  f i v e  m a j a r  areas here .  T h i s  

has been weighted more h e a v i l y  i n  a t t i  tude  c o n t r o l  because  

I t h i n k  t h i s  is one area t h a t  is un ique  t o  t h i s  p a r t i c u l a r  

project .  Some of the r e q u i r e m e n t s  you have j u s t  l i s t e n e d  

b as f a r  as poinAing a c c u r a c y ,  t h e  a t t i t u d e  c o n t r o l  W i l l  

be specialized. Some of the  areas are common to other 

s a t e l l i t e  systems. As f a r  as a t t i t u d e  c o n t r o l  goes, w e  look 

a t  v a r i o u s  sys tem concepts ,  t h a t  is, means of p roduc ing  a 

c o n t r o l  t o rque .  We have l i s t e d  here f o u r  p o s s i b l e  s y s t e m s ,  

f i rs t  r e a c t i o n  wheel c o n t r o l ,  motor d r i v i n g  the  f l y w h e e l ,  

which motor w i l l  produce an e q u a l  t o r q u e  on the v e h i c l e .  

I 

T h i s  also may be accomplished by a gyroscope  i n  
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which the f lywheel  t u r n s  a t  cons t an t  speed, and a torque  is 

produced by changing the spin a x i s  of t h e  gyro,  These are 

t w o  possible schemes involv ing  momentum t r a n s f e r .  

A t h i r d  system that looks promis ing  both fo r  f i n e  

and c o a r s e  control is the vapor  j e t  system. T h i s  is a 

very  low p r e s s u r e  gas j e t  system. I t  is very  s imple i n  

concept .  

The f o u r t h  system here is cold gas  or high p r e s s u r e  

j e t  system. T h i s  may be of some u s e  i n  t h e  i n i t i a l  

s tabi l izat ion of t h e  v e h i c l e .  

Another  i n t e g r a l  p a r t  of the v e h i c l e  a t t i t u d e  con- 
is error 

t r o l  / 'e r roP s e n s o r s ,  The type  of / s e n s o r s  used  w i l l  

probably dictate t h e  type of control you can u s e .  Here are 

t h r e e  of  them. 

F i r s t  is the  t e l e v i s i o n  fo r  a c q u i s i t i o n  and cour se  

g u i d i n g .  T h i s  is i n  a sense  a n  eIToWensor. The o p e r a t o r  

f r o m  t h e  ground u s e s  a v i s u a l  p i c t u r e  as an i n d i c a t o r  of 

t h e  v e h i c l e  stti tude .  

Second w e  have the  solar t r a c k i n g ,  We also have 

star trackers o reT2orde tec to r s  t h a t  m a k e  u se  of starb ' ,  

that are be ing  used  in the exper iments .  

The t h i r d  area t h a t  must be considered, i n  fact  

is one  of t h e  most s e r i o u s  a r e a s  I t h i n k  i n  s p e c i f y i n g  

a t t i t u d e  c o n t r o l ,  is the e f f e c t  of e x t e r n a l  d i s t u r b a n c e s  on 
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t h e  v e h i c l e .  We know w e l l  of to rques  due to t h e  e a r t h  

g r a d i e n t ,  due to solar p r e s s u r e .  Those appear to be most 

s i g n i f i c a n t .  We also expec t  t o rques  through the  e a r t h ’ s  

magnetic f i e l d ,  perhaps  due t o  the  e f f e c t  of t h e  e a r t h k  

atmosphere on t h e  v e h i c l e .  These p u t  v e r y  s t r ic t  r e s t r a i n t  

on t h e  s y s t e m  t o  be able to  t r a c k  to  t h e  accuracy  desired.  

* I; I n  tha t  s e n s e  i t  means t h a t  t h e  . .  

v e h i c l e  must be ba lanced  i n  order to  e l i m i n a t e  t h e  e a r t h ’ s  

g r a v i t y  to rque .  I t  must be e a r t h  symmetrical  as p r e c i s -  as 

p o s s i b l e .  C o n s i d e r a t i m  must be g iven  to  loca t ing  the  

c e n t e r  of p r e s s u r e ,  so l a r  c e n t e r  of p r e s s u r e ,  c o i n c i d e n t  

w i t h  t h e  center of m a s s .  I t h i n k  those  are the t w o  o u t -  

s t a n d i n g  e f f e c t s .  

\ The f o u r t h  concern  i n  t h e  a t t i t u d e  contl”o1 sys t em 

is t h e  d i s s i p a t i o n  of a n g u l a r  momentum. If you u s e  a 

momentum t r a n s f e r  sys tem,  such  as A and B, than some means 

must be cons ide red  t o  ge t  r i d  of t h e  momentum t h a t  is f i n a l l y  

s t o r e d  o n  t h e s e  c o n t r o l s  -- there are a number of ways t o  do 

t h i s .  E i t h e r  by use  of a solar sail, o r a  s l i d i n g  weight h a s  

been sugges t ed ,  i t  means changing t h e  i n e r t i a l  c h a r a c t e r i s t i c  

o f  t h e  v e h i c l e .  I t  is p o s s i b l e  to  u s e  a j e t  s y s t e n ,  a p p l y  

an  impulse p e r i o d i c a l  l y .  I th i rk  i n  regard t o  the 

exper iments ,  t h e  t i m e  t h i s  o p e r a t i o n  s h o u l d  t a k e  p l a c e  is 

d u r i n g  the t i m e ,  g e n e r a l l y  v iewing  stars, a t  sometime d u r i n g  

t h e  o r b i t  t h e  s t a r  w i l l  be o c c u l t e d .  T h i s  w i l l  be t h e  
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log ica l  time t o  remove momentum from the c o n t r o l  wheels so  

tha t  t h e r e  won' t  be any undue d i s t u r b a n c e  du r ing  obse rva t ion  

p e r i o d s .  T h i s  i m p l i e s ,  then; t h a t  the c o n t r o l  wheel should  

have enough c a p a c i t y  t o  l a s t  for one o r b i t  w i t h o u t  s a t u r a t i n g .  

We w i l l  come back to t h e  a t t i t u d e  c o n t r o l  a l i t t l e  

b i t  l a t e r .  We w i l l  go on t o  t h e  o t h e r  a r e a s ,  eng inee r ing  

a r e a s .  

The second area is the power system. We have 

thought  main ly  i n  terms of a solar c e l l  sys tem and s t o r a g e  

bat ter ies .  They r e p r e s e n t  a s t a t e  of t h e  a r t  development.  

They are a v a i l a b l e .  We have some expe r i ence  w i t h  how they 

work. S o l a r  c e l l s  appear  t o  be very  r e l i a b l e  and 

r easonab ly  e f f i c i e n t  as long as they  c a n  be k e p t  c o o l .  

S to rage  b a t t e r i e s  on t h e  o t h e r  hand,  i f  we assume a v e h i c l e  

l i f e t i m e  of one y e a r  and charge-d ischarge  c y c l e  every  o r b i t ,  

the  v e h i c l e  w i l l  be i n  darkness  p a r t  of  the  t ime of every  

o r b i t .  That means t h a t  t h e  s t o r a g e  b a t t e r i e s  must have a 

c y c l e  l i f e t i m e  of about  25,000 charge-d ischarge  c y c l e s .  

Now,  n i c k e l  cadmium s t o r a g e  bat ter ies  do have 

t h i s  p o t e n t i a l ,  However, the charge cycle is sha l low.  I n  

o t h e r  words,  the charg ing  r a t e  is n o t  t oo  h igh .  However, 

expe r i ence  has  shown t h a t  a s g n i f i c a n t  number of t h e s e  might 

f a i l  even below a thousand charging c y c l e s .  So t h e r e  is 

SOIE problem t h e r e  on r e l i a b i l i t y  of s t o r a g e  c e l l s .  I t  may 

mean i n  essence  an over -des ign  cf t h e  whole power sys t ema  
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A t h i r d  area is thermal ba lance .  Here are Some 

v e r y  unique problems,  n o t  o n l y  i n  regard to thermal  g r a d i e n t  

a c r o s s  the  o p t i c a l  sys tems t h a t  were mentioned p r e v i o u s l y ,  

the fact  t h a t  some t y p e s  of photocells,  photo  detectors ,  must 

be kep t  v e r y  c o l d ,  perhaps minus 100 degrees, o r  something i n  

t h a t  order .  S t o r a g e  ba t t e r i e s ,  o the r  t y p e s  of e l e c t r o n i c  

equipment,  must be w a r m .  Solar c e l l s  must be cool. T h e i r  

e f f i c i e n c y  de te r iora tes  v e r y  r a p i d l y  w i  t h  i n c r e a s e  i n  

tempera ture .  

We have a number of thermal  problems.  Thermal 

pi-oblems a re  complicated; even though you have a v e h i c l e  

that  p o i n t s  toward t h e  s u n ,  i t  w i l l  be i n  d a r k n e s s  par t  of t h e  

t i m e .  Apparent ly  t h e  r a t i o  of t i m e  i n  s u n l i g h t  and d a r k n e s s  

w i l l  change dur ing  the  y e a r ,  depending of c o u r s e  o n  the  

i n c l i n a t i o n  of the  o r b i t .  A t  o n e  t i m e  i t  may be 60 per c e n t  

of t h e  d a y l i g h t ,  a t  o ther  t i m e s  of the  y e a r  80 p e r  c e n t  

d a y l i g h t ,  

The f o u r t h  area here is communications.  T h i s  

i n c l u d e s  radio command sys t ems ,  both r e c e i v e r s ,  t r a n s m i t t e r s ,  

data storage sys tem,  and a lso data t r a n s m i s s i o n  sys t ems .  

Mr .Fos te r  w i l l  have a f e w  words to s a y  on t h i s  s u b j e c t  so  

I w i l l  s k i p  r i g h t  o v e r  i t .  

The f i n a l  area is i n  the l a y o u t  of the v e h i c l e .  Here 

w e  are concerned with the  f i n a l  v e h i c l e  t h a t  may i n c l u d e  more 

than  one exper iment ,  I t  is r e s t r i c t ed  i n  w e i g h t ,  i t  is 

+ 
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r e s t r i c t e d  i n  dimension b y t h e  s i z e  o f  the b o o s t e r .  I t  must 

i n c l u d e  a l l  the o the r  f a c t o r s  w e  have cons ide red  ~ I t  may be 

r e q u i r e d ,  f o r  example? i n  r e g a r d  t o  the  s o l a r  c e l l s  i n  o r d e r  

to handle  t h e  thermal problem, i t  may be desirable  t o  p u t  

t he  solar  c e l l s  on p a d d l e s ,  rather than as par t  of the  

v e h i c l e .  In  any event, a l l  these c o n s i d e r a t i o n s  must be 

worked o u t  i n  a r r i v i n g  a t  a f i n a l  v e h i c l e  l a y o u t ,  

( S l i d e )  

These are some of t h e  problems w e  have been t r y i n g  

to  l o o k  a t  a t  A m e s .  So f a r  our  work has  been mainly 

devo ted  to  a t t i t u d e  c o n t r o l  sys tems.  We have been look ing  

a t  v a r i o u s  types  of sys t ems ,  v a r i o u s  c o n c e p t s .  We have 

t r i e d  t o  e v a l u a t e  them on t h i s  basis. 

F i r s t  of a l l ,  w e  must have a dynamic performance,  

even a s t e a d y  s t a t e  performance t h a t  is c o n s i s t e n t  w i t h  t h e  

r equ i r emen t s  of the exper iment .  If t h e  sys tem c a n  meet these 

r equ i r emen t s ,  t h e n  w e  would l i k e  to  e v a l u a t e  and compare 

d i f f e r e n t  sys t ems  on t h e  basis of these o ther  fac tors .  

That is power, we igh t ,  r e l i a b i l i t y ,  and a v a i l a b i l i t y .  We 

may l e a n  towards t h i n g s  t ha t  are a v a i l a b l e  today r a the r  than  

s o m e t h i n g  t h a t  is i n  t h e  s t a t e  of development and may or 

may n o t  be r eady  by 1963 w 

( S l i d e )  

N o w ,  i n  o rder  to r e a l l y  e v a l u a t e  c o n t r o l  s y s t e m  

r e a l i s t i c a l l y  w e  have to s e t  down some requ i r emen t s .  I d o n ' t  
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look at t h e s e  r e a l l y  as requirements, b u t  more as ground 

r u l e s  under which w e  must o p e r a t e .  We can s e t  down Some 

of t h e s e , i t  g i v e s  u s  a common basis f o r  comparing d i f f e r e n t  

t ypes  of sys t ems ,  d i f f e r e n t  concep t s .  So w e  look a t  t h e  

c o n t r o l  problem as r e a l l y  i n  th ree  phases .  

The f i r s t  phase  is t h e  i n i t i a l  s t a b i l i z a t i o n .  

We are c o n s i d e r i n g  an i n i t i a l  tumbling rate as high as 

one degree  p e r  second,  which is q u i t e  h i g h .  We are assuming 

t h a t  t h i s  i n i t i a l  s t a b l i z a t i o n  sys tem -- i t  may be a j e t  

sys tem us ing  a g y r o  r e f e r e n c e  -- s h o u l d  be able to  s t a b i l i z e  

t h e  v e h i c l e  ra tes  to w i t h i n  .QO2 of a degree per  second.  

T h i s  seems w i t h i n  r e a s o n  on the j e t  o r  g y r o  sys t ems .  We have 

c o n s i d e r e d / t h e  sane o p e r a t i o n  t h a t  t h e  v e h i c l e  w i l l  be 
with 

o r i e n t e d  i n  s p a c e  so t h a t  t h e  solar  c e l l s  w i l l  be p o i n t e d  

toward t h e  sun/approximate ly  o n e  degree. 
within 

I n  t h i s  p o s i t i o n ,  

t h e n ,  t h e  v e h i c l e  would be e s s e n t i a l l y  s t a b i l i z e d  i n  s p a c e  

where i t s  a t t i t u d e  then  c o u l d  be de te rmined  from a remote 

c o n t r o l  t e l e v i s i o n  p i c t u r e ,  and t h e n  from this p o i n t  t h e  

a c q u i s i t i o n  of  target s t a r  cou ld  be a c h i e v e d .  

Now, as f a r  as a c q u i r i n g  a s t a r ,  one  of the  

requi rements  s p e c i f i e d  has  been a maximum s l e w i n g  rate 

of 180 degrees  i n  f i v e  minu tes .  The ground o b s e r v e r  by  

remote control  can  a c q u i r e  any s ta r  v i s i b l e  w i t h i n  the t i m e  

t h a t  t h e  s a t e l l i t e  takes  f o r  one  p a s s  o v e r  t h e  ground s t a t i o n .  

T h i s  is r e a l l y  q u i t e  an e x c e s s i v e  r e q u i r e m e n t ,  e x c e s s i v e  from 
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t h e  s t a n d p o i n t  of importance r e q u i r e d .  We a lso  were 

t h i n k i n g  i n  terms of remote c o n t r o l  p o i n t i n g  the  v e h i c l e  

t o  t h e  p l u s  or minus 15 ninutes nf arc. On some exper iments ,  

p a r t i c u l a r l y  t h e  so la r  exper iment ,  they would l i k e  t o  have 

t h i s  done to one  minute of arc,  b u t  t h i s  was, I s a y ,  one 

s e t  of ground r u l e s .  

( S l i d e )  

The t h i r d  phase  of  c o n t r o l  would be the au tomat i c  

c o n t r o l .  We are look ing  b o t h  a t  coarse c o n t r o l  and f i n e  

amtrol .  Here is a coarse c o n t r o l  that would r e a l l y  be a 

c o n t i n u a t i o n  of t e l e v i s i o n  a c q u i s i t i o n ,  A f t e r  the error got 

down below a c e r t a i n  size, then an  au tomat i c  mode would D e  

s w i t c h e d  on i n  order 

t o  b r i n g  t h e  errs down to the  l i m i t s  of t h e  coarse c o n t r o l  

s y s t e m .  So here w e  were t h i n k i n g  i n  terms of a d e t e c t o r  

t h a t  would s e n s e  i n i t i a l  emoras large as 30 minutes  of arc.  

T h i s  coarse system would p rov ide  a f i n a l  v e h i c l e  p o i n t i n g  

of o n e  minute  of arc.  

You w i l l  r e ca l l  t h a t  i n  some exper iments  t h i s  is 

perhaps a l l  t h e  accuracy  t h a t  is r e q u i r e d  s o  t h a t  a c o a r s e  

c o n t r o l  sys tem cou ld  do t h e  whole j ob .  Again d u r i n g  

t h i s  phase  of t h e  o p e r a t i o n ,  w e  would s t i l l  have t h i s  

r e s i d u a l  .02  of a degree pe r  second v e h i c l e  r a t e  t h a t  w i l l  

be carr ied th rough .  We would have e x t e r n a l  t o r q u e s  of 

nearly o n e  hundred dyne c e n t i m e t e r s .  T h i s  would be what 
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w e  t h i n k  i s  an extreme f i g u r e ,  b u t  i t  is a so r t  of t o rque  

t h a t  could be expec ted  w i t h  c e n t e r  of g r a v i t y  -- I s h o u l d  s a y  

moments of i n e r t i a  of  t h e  v e h i c l e  equa l  to  w i t h i n  one h a l f  of 

one p e r  c e n t ,  and also w i t h  c e n t e r  of solar p r e s s u r e  j u s t  a 

v e r y  few i n c h e s  from t h e  c e n t e r  of g r a v i t y  of the  v e h i c l e .  

You could  ge t  s t e a d y  t o r q u e s  t h a t  would act i n  one d i r e c t i o n  

f o r  longe r  p e r i o d  s of t i m e  on t h i s  order of magnitude.  

T h i s  is t h e  to ta l  a n g u l a r  momentum of the  v e h i c l e  i f  i t  were 

don * t s l e w i n g  a t  the  ra te  of 180 degrees i n  f i v e  minu tes .  I 

t h i n k  t h a t  f i g u r e  is r e a l l y  s i g n i f i c a n t  he re .  

The f i n a l  phase  of the c o n t r o l  would be t h e  

au tomat i c  f i n e  c o n t r o l  a We are corn i d e r i n g  an  i n i t i a l  

p o i n t i n g  area of t w o  minutes  of arc. There would be s m e  

o v e r l a p  i n  f i n e  and coarse c o n t r o l .  We are c o n s i d e r i n g  

u l t i m a t e  p o i n t i n g  accuracy  of one t e n t h  of a second of arc. 

Again the veh ic l e  c o u l d  have i n i t i a l  ra tes  as h igh  as .OO? 

d e g r e e s  p e r  second,  I t  w i l l  be s u b j e c t  t o  e x t e r n a l  t o r q u e s  

of 100 dyne c e n t i m e t e r s .  One a€ t h e  r e q u i r e m e n t s  -- I t h i n k  

t h i s  is t h e  more s e r i o u s  r equ i r emen t  as far  as p o i n t i n g  

acnuracy ,  even more s e r i o u s  than  one t e n t h  of a second of 

arc -- is to hold down the s t e a d y  s t a t e  or the d r i f t  ra tes  

due t~ t h i s  100 dyne cent imeter  t o r q u e .  Depending on t h e  

n a t u r e  of t h e  sys t em,  if i t  h a s  a n  e f f e c t i v e  i n t e g r a t i o n  

when the  torque  is a c t i n g  on i t ,  t h e r e  w i l l  be a s t e a d y  s t a t e  

p o i n t i n g  error, To keep t h e  l i m i t  w i t h i n  t h i s  t e n t h  of a 
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second of arc w e  have to s p e c i f y  t h a t  t h i s  s t e a d y  s t a t e  due  

t o  the  100 dyne c e n t i m e t e r  t o rque  w i l l  n o t  exceed f i v e  seconds .  

We have a l so  specified t h a t  the s a t u r a t i o n  t i m e ,  

t h a t  is ,  i f  a r e a c t i o n  wheel sys tem is used ,  shou ld  be 100 

minutes  . 
There is on6 other  i n t e r e s t i n g  t h i n g  t h a t  w a s  

mentioned e a r l i e r ,  the a b e r r a t i o n  of l i g h t .  T h a t  a l so  p u t s  

a s t r i n g e n t  requirement  on t h e  sys t em.  I n  view of large 

d i s t u r b i n g  t o r q u e s  t h a t  requi rement  is of secondary  

impor t ance .  If these torques  c o u l d  be reduced ,  and they 

my w e l l  have to  be reduced b o r d e r  to  develop  a sys tem t h a t  

can come anywhere nea r  meet ing  these r equ i r emen t s ,  and then  

i t  t u r n s  o u t  that  the  aberratior, of l i g h t  w i l l  be one 

c o n t r o l l i n g  factor to be able t o  hand le  a l i n e  of s i g h t  

r a t e  of some .3 of a second of arc per  minute ,  t h a t  may be 

one of t h e  m o s  t s e r i o u s  cons t r a i n  ts e 

(S l ide)  

I j u s t  want t o  mention b r i e f l y  an example o r  t w o  

Of t he  t y p e s  of sys tems w e  have been look ing  a t  a t  A m e s  

L a b o r a t o r y .  

F i r s t ,  these t w o  are both r e a c t i o n  wheel sys tems.  

The first,  to  go through the  diagram, w e  have an error sensor 

which detects  t h e  d i f f e r e n c e  between the  t r u e  l i n e  of s i g h t  

and  t h e  target  s ta r ,  and the a c t u a l  p o i n t i n g  d i r e c t i m  of t h e  

veh ic l e .  T h i s  may be modified by some p a s s i v e  network.  The 
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s i g n a l  d r i v e s  t h e  motor wheel ,  producing a t o rque ,  s u b j e c t s  

i t  to e x t e r n a l  torques, t h e  to rque  is i n t e g r a t e d  to Produces 

in tegra ted  ra te  integrata?,  a g a i n  to get v e h i c l e  a t t i t u d e  

We have also c o n s i d e r e d  a tachometer  feedback  
a 

p o s s i b l y  shaped by/ network ,  

r e a s o n a b l e  dynamic r e s p o n s e ,  depending on the  t y p e s  O f  net- 

works you have here.. We are i n  t h e  p r o c e s s  o f  examining 

Var ious  types  of networks i n  order  t o  p rov ide  s u f f i c i e n t  

damping and to  minimize t h e  s t e a d y  s t a t e .  

T h i s  type of sys tem does promise 

The second s y s t e m  w e  might  c o n s i d e r  is v e r y  

s i m i l a r  Excep t  f o r  t h e  tachometer  feedback, w e  do have an 

i n t e g r a t b g  gy ro ,  T h i s  f r o m  t h e  s t a n d p o i n t  of complexi ty  

might  not be so  desirable  I t  is  an a d d i t i o n a l  moving p a t  

but if you can  c o n s i d e r  it p e r f e c t  r a t e  g y r o ,  t h e n  t h i s  

o f f e r s  an i d e a l  type  sys tem because  i t  g i v e s  you a l l  t h e  

Performance y o u  d e s i r e ,  So i t  is wha t  me m i g h t  c o n s i d e r  a 

s t a n d a r d  sys tem t h a t  w e  can use  as a bas i s  f o r  comparing 

o t h c r  s y s t e m s  

Now, t h i s  type  of sys t em does  have one a d d i t i o n a l  

advantage .  When t h e  t a r g e t  s t a r s  are occulted the  l o o p  is 

broken  r i g h t  h e r e ,  t h e  i n n e r  loop wi 11 opera te  and the  

v e h i c l e  w i l l  remain phase  s t a b i l i z e d  d u r i n g  t h i s  period of 

t i m e .  A sys tem of t h i s  t ype  c a n  ho ld  a v e h i c l e  t o  w i t h i n  

a minute  o f  arc f3p as much as 30 o r  4) m i n u t e s  So t he re  is 

one a d d i t i o n a l  ad.vantage you g e t  i n  t u r n  f o r  a d d i t i o n a l  
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compexity.  When you cons ide r  t h i s  type of  sys tem,  i t  may be 

p o s s i b l e  j u s t  to remove the  motor a l together  t o  u s e  the  g y r o ,  

use  the g y r o  i n  t w o  modes of o p e r a t i o n ;  u s e  the  gyro t o  

p rov ide  to rque  f o r  the  v e h i c l e  and also u s e  a gyro  as a 

s t ab i l i zed  s p a c e  r e f e r e n c e .  T h i s  is a n o t h e r  area worth 

look ing  i n t o  e 

One more type of c o n t r o l  sys t em w e  looked a t  a 

l i t t l e  b i t  is o u r  vapor  j e t  sys tem.  The n i c e  t h i n g  about  

these sys tems is the i r  complete to ta l  s i m p l i c i t y .  There is 

no moving p a r t  other than  t h e  v a l v e .  We have the  same s o r t  

of error sensor- We modify t h e  error signal and p u t  i t  through 

a logic network and the s igna l  o u t  of the  network operates 

the v a l v e .  That  is a l l  there is to the sys t em,  

Here w e  have t h e  same t a r q u e ,  e x t e r n a l  d i s t u r b a n c e s  

a c t i n g  on t h e  v e h i c l e .  This  is e s s e n t i a l l y  an  on-off t ype  

sys tem.  I t  u s e s  j u s t  one t h r u s t  l e v e l .  I t h a s  two modes 

of o p e r a t i o n ,  For l a r g e  errors, w e  have/ con t inuous  mode, We 
the 

have a s t e a d y  t h r u s t ,  Here w e  have a s w i t c h i n g  objec t .  

Here i s  the p l o t  02 tne e r r o r  versus error rate. Ye seiisc 3oth 

of these q u a n t i t i e s .  T h i s  is a s w i t c h i n g  logic network t h a t  

follows t h i s  form, Whenever t h e  v e h i c l e  is o u t  on  t h i s  

s ide ,  you ge t  a s t e a d y  t h r u s t  u n t i l  i t  crosses t h i s  l i n e .  

Then t h e  t h r u s t  is r e v e r s e d .  I t  is  e s s e n t i a l l y  a bang-bang 

t y p e  of sys tem,  Whenthe error rate ge ts  down to  w i t h i n  

c e r t a i n  l i m i t s  t hen  the  mode of the sys t em swi tches ,  w e  have 
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a p u l s e  mode where a s tandard  s i z e  p u l s e  is t r i g g e r e d .  I n  

t h i s  ca se  we s e t  l i m i t s  t o  one e i g h t h  o f  a second .  Whenever 

the WOrreaches t h a t  v a l u e ,  you t r i g g e r  t h e  p u l s e .  You end  

up i n  a s t e a d y  s t a t e  w i t h  a s o r t  of l i m i t e d  c y c l e  o p e r a t i o n .  

For example, we have considered the  p e r i o d  something o n  the  

o r d e r  of 50 s e c o n d s .  T h e  p u l s e  would a c t u a l l y  f i r e  every  

25 seconds .  I f  e x t e r n a l  t o r q u e s  are appl ied  t o  the v e h i c l e  

-- t h i s  is no  e x t e r n a l  d i s t u r b a n c e  -- you g e t  the same s o r t  

of  p a t t e r n  excep t  i t  would always tend to go back t o  one s i d e .  

F u e l  econoiiiy f o r t h i s  t y p e  of s y s t e m ,  w e  c o n s i d e r e d  water 

vapor ,  s p e c i f i c  impulse of about  40  and s t i l l  f o r  each 

c h a n n e l  t h i s  type of o p e r a t i o n  i n v o l v e s  about  t w o  pounds of 

f u e l  p e r  y e a r .  I t  i s  q u i t e  economical  i n  f u e l .  

There are t w o  problems associated w i t h  t h i s  t ype  

of s y s t e m .  F i r s t  of a l l ,  any u s e  of f u e l  w i l l  change the 

balance,  i n e r t i a l  symmetry of t h e  v e h i c l e , a n d  second ly  

what may be more s e v e r e  is what  w i l l  happen to the water 

vapor  t h a t  i s  exhaus ted .  W i l l  i t  go i n  t h e  form of a c l o u d  

around t h e v e h i c l e ?  If so ,  i t  w i l l  d e s t r o y  the  expe r imen t  you 

are t r y i n g  t o  accomplish. U n t i l  t h a t  q u e s t i o n  is answered 

we c e r t a i n l y  a u l d  n o t  c o n s i d e r  u s i n g  t h i s  t y p e  o f  sys t em b u t  

i t  is  i n t e r e s t i n g .  I t  w i l l  have many a p p l i c a t i o n s .  

( S l i d e )  

I have one  more s l i d e  to  i l l u s t r a t e  t h e  p i e c e s  o f  

expe r imen ta l  equipment w e  have been u s i n g  a t  Ames Research 

~ ~ ~ 

c 
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Labora tory  to e v a l u a t e  sys tems,  We have developed a m i s s i l e  

s i m u l a t o r  here i n  which we have a l a r g e  p l a t f o r m  which  

s i m u l a t e s  t he  m i s s i l e ,  t h e  s a t e l l i t e .  We have t h i s  p l a t f o r m  

f l o a t i n g  on a n  a i r  bea r ing .  You c a n  see i t  on t h e  middle 

of the p i c t u r e .  There  is a supply of a i r  which  a c t u a l l y  

f l oa t s  the b a l l ,  the  whole p l a t fo rm is f loa ted  o n  a i r  I t  

takes about  30 pounds of air  p r e s s u r e  t n m u g h  8ii eriflee, 

i n  t h e  bottom of t h i s  d isc  to  f l o a t  t h e  whole works, The 

t ab l e  weighs a b o u t  200 pounds. So w e  have v i r t u a l l y  a 

f r i c t i o n  f r e e  t ab l e .  

W e  have here a l i t t l e  t e l e s c o p e  w i t h  aner ror  

detector and photodetectQrs on  h e r e .  So w e  have a two a x i s  

c o n t r o l  sys tem,  

Out of the view of the p i c t u r e  there is an 

a r t i f i c i a l  l i g h t  s o u r c e .  So w e  can s i m u l a t e  t h e  o p e r a t i o n  

of a n  e n t i r e  cont ro l  sys t em,  N o w ,  what w e  had at t h e  t i m e  

the p i c t u r e  w a s  taken w a s  a reac t ion  wheel sys t em,  We do 

have one r e a c t i o n  wheel motor here  t h a t  c o n t r o l s  t h e  v e h i c l e  

i n  p i t c h .  We have ano the r  r e a c t i o n  wheel h e r e  t h a t  c o n t r o l s  

-- w e  have enough pendulum e f f e c t  on  t h i s  p l a t f o r m  so t h a t  

there  is no c o n t r o l  on the t h i r d  a x i s ,  There is some f e e l i n g  

f o r  the type  of  c o n t r o l  s y s t e m ,  t h e  s t a b i l i t y  problems w e  

e n c o u n t e r  i n  u s i n g  a c t u a l  hardware, We also g e t  some f e e l i n g  

o n  t h e  type  of r e sponse  w e  g e t  from v a r i o u s  error detectors. 

We are r e a l l y  j u s t  g e t t i n g  under  way i n  t h i s  area r i g h t  now. 

I t h i n k  t h a t  is e v e r y t h i n g  I had .  Iknow that John 
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F o s t e r  would l i k e  t o  s a y  a f e w  words about  t h e  communications 

area. So I w i l l  l e t  h i m  take ove r  from h e r e .  

PRESENTATION BY JOHN FOSTER 

MR. FOSTER: I r e a l l y  don t have too much to  S W  

on t h e  communications. We have o n l y  looked i n t o  i t  to a 

large e x t e n t  i n  a s s o c i a t i o n  w i t h  t h e  c o n t r o l  sys tem work..  

However, I w i l l  make a f e w  o b s e r v a t i o n s  here of what w e  have 

a t  least  though t  a b o u t .  

The data sys tem r e a l l y  w i l l  have t o  cove r  f o u r  

d i f f e r e n t  categories of data. F i r s t  are the  o n e s  associated 

w i t h  the v e h i c l e  performance and command. T h i s  w i l l  be t h e  

S t a t e ,  f o r  example, of t h e  i n e r t i a  wheels,  wk the r  i t  is 

s a t u r a t i o n  o r  n o t ,  var iom commands t h a t  go up t o  o p e r a t e  

the  o p t i c s  and r e t u r n i n g  data t h a t  i n d i c a t e  tha t  these  

commands have been  performed, t h i s  t ype  of data which will 

e s s e n t i a l l y  be a ra ther  narrow band t y p e  of t e l e m e t e r i n g .  

Then there is a second type  which is the  a c q u i s i t i o n  

TV i n  va r ious  of t h e  expe r imen t s  o r  o n  t h e  p l a t f o r m  i t s e l f  

t h e r h i l l  be a TV sys t em t h a t  l o o k s  a t  e i t h e r  a 10 or  15 

degree f i e l d ,  and then f i n a l l y  i n  some cases dan to  one  

degree f i e l d  fo r  a c q u i s i t i o n .  T h i s  p i c t u r e  w i l l  have to  be 

s e n t  down and d i s p l a y e d  p r o p e r l y  t o  the  operator .  

The dynamic r ange  of t h e  l i g h t  on t h i s  p a r t i c u l a r  

TV w i l l  no t  be as great as some of the  TV r e q u i r e d  f o r  t h e  

expe r imen te r s .  T h e r e f o r e ,  the band wid th  r equ i r emen t  o n  t h i s  
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a s p e c t  of t h e  TV problem may n o t  be too  s e v e r e .  

The t h i r d  t h i n g ,  our type of data  w i l l  be t h a t  

r e q u i r e d  by a m a j o r i t y  of t h e  exper iments  n o t e d  today which 

are r e a d i n g s  from photo tubes  on the  spectrometer type of 

experiments  I I n  g e n e r a l  t h i s  can be handled by a r a the r  

narrow band t e l e m e t e r i n g  betas e i t  is an accumulated count  

deal ,  and the  s c a n  rates i n  g e n e r a l  are q u i t e  l o n g ,  s o  'chat 

t h e  ra te  of accumulat ion of data is n o t  h i g h ,  and you have 

s u f f i c i e n t  t i m e  t o  send  i t  down b y / r a t h e r  narrow band width  
a 

t e lemeter .  

The l a s t  c a t e g o r y  is the exper iments  which have a 

TV s c a n  type of data i n  the i r  accumula t ion ,  such  as that  

e x p l a i n e d  by D r .  Davis .  I w i l l  go i n t o  i t  a l i t t l e  b i t ,  what 

w e  have done about  i t .  L e t  m e  s a y  t h e  narrow band data from 

t h e  p l a t f o r m  and from t h e  experiment I d o n ' t  t h i n k  s h o u l d  

p r e s e n t  any real  problem, s o  I won't  dwel l  m t h a t .  The 

a c q u i s i t i o n  TV can  be r e l a t i v e l y  lower accuracy  than  the  da ta ,  

p robab ly  s h o u l d  be reasonably  easy  to  g e t  w i t h i n  a n  a v a i l a b l e  

hqnd; w i t h i n  l i m i t s  o f  the  a v a i l a b l e  s t a t i o n s .  So t h i s  

leads to  t h e  l a s t  c a t e g o r y  which appea r s  to be somewhat 

t h e  tougher  and  w i t h  due a p o l o g i e s  to  Mr. Davis ,  whom I 

have n o t  had a chance t o  t a l k  w i t h  he re ,  I would l i k e  to make 

Some s t a t e m e n t  on which he can a r g u e  w i t h  m e  o r  n o t ,  and 

they  may be i n c o r r e c t  so  f a r  as t h a t  goes,  But i n  look ing  

a t  the  r equ i r emen t s  of t h e  TV scan  associated w i t h  that type  
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of program, t h a t  w a s  where you made the whole s k y  s o r t  of 

e s s e n t i a l l y  a t w o  degree so r t  of segments .  

One of the bugaboos here is t h a t  t h e  large dynamic 

l i g h t  range t h a t  would be r e q u i r e d  f o r  the  exper iment  p l u s  a 

reasonably  h i g h  accu racy ,  a t e n t h  to a magnitude s tar ,  which 

i n  a p r e l i m i n a r y  aspect w a s  quo ted  a t  10 p e r  c e n t  accu racy ,  

t h i s  w a s  based r e a l x y  on a t e n t h  magnitude s ta r  accuracy ,  

t h i s  t e n  p e r  c e n t  accuracy  data. The t h i n g  is i f  you look 

at  a 500 by 500 l i n e  frame, and ybu want to s c a n  and s e n d  

t h i s  data  down i n  one  second,  you can come t o  a first l o w  

band width a€ 250 KC. T h i s  Is s imply  m u l t i p l y i n g  t h e  l i n e s  

by the r e s o l u t i o n  across the l i n e ,  b u t  o u r  f e e l i n g  is tha t  

r e a l l y  you c a n ' t  w i t h  t h i s  dynamic l i g h t  r ange  and accu racy  

requirement  g e t  by w i t h  t h a t  narrow band width.  

Then you look  a t  v a r i o u s  other $chemW, , you c o u l d  

code each of these,  each and every one of these possible  500 

by 500 p o i n t s .  There  you a r r i v e  at something around t w o  

megacycles band w i d t h ,  Well, w e  won't have a c a p a b i l i t y  fo r  

t h a t .  So some p l a c e  i n  between here w i l l  p r o b a b l y  be the 

t r u e  case, 

One o t h e r  t h i n g  I would l i k e  t o  throw i n t o  t h i s ,  

poss ib ly  f o r  c o n s i d e r a t i o n  of t h e  Smi thson ian  e x p e r i m e n t e r s ,  

i s  t h a t  you might  look at t h i s  and  s a y ,  w e l l ,  there may be 

o n l y  50 s t a r s  maximum i n  any one of these frames, and you s a y  

w e l l ,  why worry about  a l l  the  250,000 p i c t u r e  e lements?  Why 

. 
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n o t  j u s t  worry about  the  ones t h a t  have i n f o r m a t i o n  on them? 

If you detect  tkse, break them down i n t o  a. b i n a r y  code and s t o r e  

them w i t h  each i n d i v i d u a l  p o s i t i o n  of c o u r s e  as the t h i n g  is 

scanned .  From t h a t  a s p e c t  i t  t u r n s  o u t  you c a n  ge t  down v e r y  

l o w  band width;  i t  t u r n s  o u t  to l e s s  than  3 KC fo r  one 

second of s c a n  of frame range .  

A l i t t l e  problem comes up. There w i l l  be concern 

w i t h  luminous areas which a r e  n o t  c o n t a i n e d  i n  these 50 

star  p o i n t s .  So w e  thought  p o s s i b l y  a method might be, a 

h y b r i d  method might be evolved where you were scann ing  and 

s t o r i n g  the i n f o r m a t i o n  from these 50 stars, t h e  iuminoSi ty  

areas may be of a lower f requency  enough t h a t  t h e y  can  be 

hand led  wi th  a r a t h e r  narrow band width.  A t  t h e  end of t h i s  

s c a n  then  you send  o u t  t he  ooded i n f o r m a t i o n  of the 50 p o i n t  

s o u r c e s ,  t he  s ta rs ,  and  maybe g e t  by w i t h  a reasonable band 

width  b u t  I b e l i e v e  there w i l l  e i  t h e r  have to  be a method 

of t h i s  n a t u r e  o r  p o s s i b l y  a l o n g e r  s c a n  ra te  t o  r e a l l y  

keep i t  w i t h i n  the band ~ i d f h  ren,iiiremen ts T h i s  is 

someth ing  t h a t  w e  have n o t  r e a l l y  looked too far  i n t o  excep t  

I t h i n k  i t  w i l l  be somewhat of a problem. T h a t  is r e a l l y  

a l l  I have to s a y ,  u n l e s s  there are  any q u e s t i o n s  on t h a t  

aspect. 

MR. CHENG (Hughes A i r c r a f t ) :  Is t h e r e  any reason 

why t h i s  must be t r z n s m i t t e d  i n  one second, o ther  t h a n  the 
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fact  t h a t  your experiment  w i l l  take longer?  

MR. DAVIS: There are four t e l e v i s i o n  tubes .  

The one second w a s  a r r i v e d  a t  by u s i n g  h a l f  of the motion 

t i m e  for t h e  t r ansmiss ion  of t h e  s i g n a l .  There is no r eason  

why i t  cou ld  n o t  be prolonged.  

MR. CHENG: I n  o t h e r  words, if t h i s  p roves  to be 

one of the n a s t i e s t  problems of the whole experiment  t h a t  

p u  are t r y i n g  to do, t h e r e  is a p o s s i b i l i t y  t h a t  you might 

compromise a b i t  on t h i s  and say  w e l l ,  w e  w i l l  r educe  the band 

width requirement  by go ing  perhaps  to  t w o  s econds  

t r ansmiss  i o n ?  

MR. DAVIS: Two seconds  m u l d  n o t  bother u s .  More 

than t w o  seconds would a c t u a l l y  s tart  s lowing  down t h e  

experiment .  We would s t a r t  look ing  at coding  methods as 

a p o s s i b i l i t y .  

D r .  Dursey, how long  do you t h i n k  w e  c o u l d  a f f o r d  

to s t r e t c h  o u t  t h e  scan?  

DR. DURSEY: Excuse m e .  I would l i k e  to t e l l  you 

i n  your  computation a b o u t  t h e  150 k i l o c y c l e s ,  a c t u a l l y  if 

you consider j u s t  an analogue t r a n s m i s s i o n ,  go t o  one h a l f ,  

125 ,  because i f  you have a 250,000 p i c t u r e  e lement  on  y o u r  

p i c t u r e  and you c o n s i d e r  t h e  maximum p r e s e n t l y  i n v o l v e d  i n  

t h e  s i t u a t i o n ,  you have a complete  aperture e lement  followed 

by a complete W k  o n e .  You a c t u a l l y  have 1 2 5  k i l o c y c l e s  

per second.  
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MR. FOSTER: I m u s t  admit that  i t  is rather 

d i f f i c u l t  to come to a band width requi rement .  We f i n d  w e  

are n o t  alone i n  n o t  be ing  able t o  come t o  e x a c t  f i g u r e s  i n  

t h i s .  When you b r i n g  i n  the f a c t o r  of your r e q u i r e d  

accu racy  i n  t h e  dynamic -- 
DR. DURSEY: Abso lu te ly .  You must s h i f t  from 

a n  ana logue  type  of  t r ansmiss ion  to  a coded type. . So the  

c o n s i d e r a t i o n  of band width  is comple te ly  changing .  You are 

p e r f e c t l y  r i g h t .  What I imagine M r .  Davis was p o i n t i n g  o u t  

w a s  t h a t  w i t h  a normal TV system i t  is meet ing w i t h  s o m e  

c e r t a i n  number o f  l e t t e r s  l i k e  a normal TV sys tem is doing ,  

you may go down to 125 k i locyc le s  p e r  second band width i n  

o n e  second.  

MR. FOSTER: I am not q u i t e  s u r e  t h a t  I -- 
DR. DURSEY: You t a k e ,  f o r  i n s t a n c e ,  a q u i t e  u s u a l  

t e l e v i s i o n  sys tem w i t h  30 frames p e r  second, t h a t  is 

co r re spond ing  to f o u r  megacycles p e r  second.  How is t h e  

band width computed, j u s t  t a k i n g  a c e r t a i n  number of picture 

eLemer_?ts, for i n s t a n c e !  500 l i n e s  h o r i z o n t a l  r e s o l u t i o n  and 

500 i n  v e r t i c a l  r e s o l u t i o n .  You have 250,000 p i c t u r e  elements 

and  a c t u a l l y  If you want to scan  30 t i m e s  p e r  second,  you 

reach 50 t i m e s  125, so 4 . 5  megacycles p e r  second.  That  is 

no c o n s i d e r a t i o n  here about  accuracy  i n  t h e  d e t e r m i n a t i o n  

Of the  l e v e l s .  T h a t  is the  ww I imagine t h e  Smithsonian 

h a s  followed. If now we have for  e v e r y  p i c t u r e  e l a n e n t  t o  
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cons ide r  c a r e f u l l y  a c e r t a i n  number o f  l e t t e r s  w e  have t o  

v i s u a l i z e  o u r  p i c t u r e  t r ansmiss ion ,  and s o  w e  may go t o  a 

much h i g h e r ,  much wider  band width .  

MR. FOSTER: T h i s  is t h e  t h i n g  I w a s  b r i n g i n g  Up. 

I t  is something t h a t  w i l l  have to  be c o n s i d e r e d .  I t h i n k  

i n  t h e  e a r l y  s p e c i f i c a t i o n s ,  t h i n g s  of 150 KC and 250 were 

p o i n t e d  o u t  as probably  cove r ing  t h e  exper iment .  I t h i n k  t h i s  

is not  t r u e .  I t  w i l l  have t o  be looked  i n t o  more tho rough ly .  

D R ,  DURSEY: Who d e s i g n s  t h e  exper iment  t o  f i t  i n t o  

whatever band wid th  you g i v e  us?  

MR. FOSTER: A r e  there any o t h e r  q u e s t i o n s ?  

MR, COLLINS (Page Communications) : Cons ide r ing  
moment of 

t he  a s p e c t s  of solar p r e s s u r e  and/ i n e r t i a  and a l l  these 

t h i n g s  mentioned p r e v i o u s l y ,  is i t  p o s s i b l e  t o  c o n s i d e r  the 

u s e  of s i x  f o o t  p a r a b o l i c  a n t e n n a s  on t h i s  v e h i c l e ?  

DR. ROMAN: On t h i s  v e h i c l e ?  

MR. OLLINS: Y e s .  

DR. ROMAN: I th ink  t h i s  is f o r  someone e l s e  o t h e r  

than m e  to answer.  Do you have any answer on t h a t ?  

MR. TRIPLETT: I t h i n k  a n t e n n a s  is one th ing  w e  

have n o t  ment ioned,  I th ink  t h a t  can  be a s e r i o u s  problem 

from what I g a t h e r .  The t y p e  of a n t e n n a s  you need f o r  

t r a n s m i s s i o n  still has  t h e  d i r e c t i o n  i n  which t h e y  have to 

be moved. 

MR. FOSTER: A c t u a l l y  b o t h  t h e  r e q u i r e m e n t s  of t h e  
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center of r a d i a t i o n  p r e s s u r e  and t h e  CG, as you probably  

f i g u r e ,  w i l l  be v e r y  s t r i n g e n t  if ymhave  to move any external--  

MR. TRIPLET": You agree t h e r e  is a problem, b u t  you 

are no t  s u r e  of t h e  answer? 

MR. FOSTER: That  is about  i t .  

DR. ROMAN: Any o t h e r  q u e s t i o n s ?  

MR. BENEDIKT (Nora i r ,  Northrop Corpora t ion )  : 

(Remarks concern ing  s p u t t e r i n g  i n a u d i b l e .  ) 

MR, McDONALD: When you quo ted  t e n  watts for  

power f o r  t r a n s m i s s i o n ,  D r .  Davis, what t y p e  o f  an tenna  d i d  

you have i n  mind? 

MR. DAVIS: Tha t  was a s i x t y  foot p a r a b o l o i d  

on t h e  ground,  and i s o t r o p i c  r a d i a t o r  f o r  t h e  s a t e l l i t e .  

DR. ROMAN: I would l i k e  t o  thank you f o r  your 

remarks on s p u t t e r i n g .  We have n o t  gone i n t o  t h e  envi ronmenta l  

e f fec ts  a t  a l l  h e r e  today l a r g e l y  because  t h e s e  are 

be ing  looked  a t  e l sewhere  i n  t h e  s p a c e  problem and I f e l t  

t h a t  i t  w a s  n o t  f o r  us  i n  astronomy to  t a c k l e  them as w e l l .  

However, you ZSTB r ight  t bs t  n p i t t e r i n g  is s o m t h i n g  t h a t  w i l l  

have  to be i n v e s t i g a t e d .  

MR. CHATKOFF (Minneapolis-Honeywell) : Since  your  

d r i v i n g  torque  is t h e  f u n c t i o n  of  t h e  o rb i t ,  is t h e r e  any 

method of keeping  t h e  s r b i t  e c c e n t r i c i t y  down? 

I R .  TRIPLETT: The measurements w e  have made 

assume a c i r c u l a r  o rb i t .  The o n l y  way t o  r educe  t h e s e  
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t o r q u e s ,  t h e  main t h i n g  i s  to make the  v e h i c l e  symmetr ica l .  

There is  a problem. We have thought  i n  terms of symmetr ica l  

to one h a l f  of one  per  c e n t .  I t  is  q u e s t i o n a b l e  whether you 

c a n  even measure moments of i n e r t i a  t h a t  a c c u r a t e l y .  Tha t  

is t h e  problem, t o  b u i l d  t h i s  v e h i c l e  as symmetrically as 

p o s s i b l e .  The o t h e r  impor tan t  one  is t h e  solar p r e s s u r e .  

MR. CHATKOFF: I was t h i n k i n g  o f  t h e  e c c e n t r i c i t y  

of  the  d r i v i n g  f u n c t i o n  i n  t h e  unsymmetric i n e r t i a ,  t h e  fact  

t h a t  your angle  of g r a d i e n t  ro t a t ed .  

MR. TRIPLETT: T h a t  would be a n  a d d i t i o n a l  s o u r c e  

of t r o u b l e .  You m u l d  have t o  minimize t h e  t o t a l  e f f e c t  o f  

a l l  t h e  s o u r c e s ,  a t  least  minimize i t  down t o  the p o i n t  

t h e r e  a r e  a number of t h i n g s  t h a t  w i l l  be re la  t i v e l y  

u n c e r t a i n ,  

MR. CHATICOFF: You have made no a t t e m p t  t o  make 

t h e  o r b i t  p e r f e c t l y  c i r c u l a r ?  

DR. ROMAN: What do you mean by p e r f e c t l y  c i r c u l a r ?  

MR. CHATKOFF: By hav ing  a c o r r e c t i o n  d e v i c e  on  

board to  t a k e  o u t  any e c c e n t r i c i t y .  

X ,  :ORIAN: I t h i n k  we w i l l  p robably  depend on 

the  v e h i c l e  t ha t  g e t s  i t  up t h e r e  t o  g e t  i t  i n  as good a n  

o r b i t  as  we can .  

QUESTION: T h i s  t y p c  of o r b i t  would be e l l i p t i c a l  

and n o t  c i r c u l a r  so i t  docs not l ead  t o  s,ztu;aii.'o.:. 

MR. TRIPLETT: That is r i g h t ,  :t is L l i c  i; i -c;:il.a 1) 
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t o rques  t h a t  w i l l  cause  the  t r o u b l e .  

DR. ROMAN: Any o the r  q u e s t i o n s  on e i t h e r  of  t hese?  

MR. CBATKOFF: M r .  T r i p l e t t  showed a p i c t u r e  m a  

s c r e e n  of a p l a t f o r m .  I b e l i e v e  I go t  the impress ion  t h a t  

t h i s  was an experiment  f o r  s t a b i l i z i n g  t h e  v e h i c l e s  by 

u s i n g  your  vapor  j e t  and you had a sensor. W i l l  you 

d e s c r i b e  the  sensor? 

MR. TRIPLETT: The s e n s o r  is e s s e n t i a l l y  a 

pyramid type .  I t  is a f o u r  s i d e d  pyramid. So t h e  l i g h t  

impinges on t h i s  pyramid. We g e t  a s i g n a l .  We have f o u r  

p h o t o c e l l s ,  one look ing  a t  each s ide.  Then w e  sum t h e  

o u t l e t s  o f  t h e s e  t w o  ce l l s .  As t h e  l i g h t  moves ove r  to one 

s ide ,  w e  get  more l i g h t  i n  one c e l l  than t h e  o t h e r .  

!dR.CHATKOFF: You imagine you may u t i l i z e  an 

o p t i c a l  eensor fo r  c o n t r o l  i n  o r b i t  where you might  be 

s u b j e c t e d  t o  d r i f t ?  

MR. TRIPLETT: When you ge t  t o  the  a c t u a l  v e h i c l e  

you may want t o  u s e  a s i n g l e  ce l l ,  s h a r p e r  a r rangement .  

You may n o t  want -- t h e  s m  af the s i g ~ a l s  of t h e  t w o  c e l l s ,  

y e s .  

MR. MITCHELL (Boeing Ai rp lane  Company): I n  t h i s  

s i m u l a t o r  and i n  youro the r  c o n t r o l  c a l c u l a t i o n s  have you 

i n c l u d e d  i n  your  c o n t r o l  l o g i c  t h e  i n e r t i a l  cross c o u p l i n g s  

o r  have you done t h i s  on  the  basis of i so la ted  action? 

MR. TRIPLETT: We have looked on an ana logue  
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computer , / the  e f f e c t s  of cross coup l ing  due togyroscop ic  

g f e c t s ,  and a l so  due t o  the  p roduc t  of i n e r t i a d f e c t s .  

They appear  t o  be of secondary importance,  at  l eas t  to t h e  

e x t e n t  where w e  t h i n k  you can des ign  a s y s t e m  based on s i n g l e  

a x i s  a n a l y s i s .  

MR. MITCHELL: Even sys tems to the  a c c u r a c i e s  w e  

are a s k i n g  f o r  now? 

MR. TRIPLETT: Y e s ,  I t h i n k  s o ,  because  t h e  ra tes  

are awfu l ly  small, v e r y  s m a l l .  I t h i n k  you can s p e c i f y  t h e  

pa rame te r s  . 
DR. ROMAN: Is there d isagreement  here? 

MR. CHENG (Hughes A i r c r a f t ) :  According t o  the  

p r e l i m i n a r y  r equ i r emen t s  you mentioned as f a r  as possible  

the  p r e s e n t  m i n i t r a c k  f a c i l i t i e s  are to be u t i l i z e d  f o r  t h i s  

experiment. Now w e  have looked i n t o  some of the  g a i n s  

from t h e  an tennas ,  I t  does n o t  l ook  l i k e  i t  i s  up to t h e  

v a l u e  t h a t  w i l l  be needed f o r  a broad band r e c e p t i o n  of data 

of t h e  type M r .  Davis wants  t o  have.  W e  j u s t  wondered 

whether  any c o n c e n t r a t e d  changes  are g o i n g  t o  be made fo r  

t h e  m i n i t r a c k  an tennas  and  p o s s i b l y  r e c e i v e r s .  

DR. ROMAN: I d o n ’ t  t h i n k  i t  is i n  t he  budget  a t  

the moment. T h i s  o ther  matter w i l l  be gone i n t o  i n  I hope 

r a t h e r  a p p r e c i a b l e  d e t a i l  before much l o n g e r .  We w i l l  be 

able t o  I hope come up w i t h  a n  answer as to whether  we can  

u s e  a modified m i n i t r a c k  o r  whether  w e  w i l l  have  t o  go to 
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something e l s e .  

MR. KAMb4 (Convair Aeronaut ics ) :  You s a i d  you w i l l  
Van 

z o t  be u s i n g  p o l a r  o r b i t s  because of  the/Allen b e l t .  IS 

t h e r e  any d e c i s i o n  on what o r b i t  you w i l l  be u s i n g ?  

DR. ROMAN: I n  o u r  p r e l i m i n a r y  s p e c i f i c a t i o n s  w e  

s t a r t e d  500 m i l e  c i r c u l a r  and i n c l i n a t i o n  30 t o  35 degrees .  

I t h i n k  w e  cou ld  drop down to  450 m i l e s .  We don ' t  w a n t  

t o  drop much lower because of a i r  drag .  We don' t w a n t  t o  

go much h ighe r  because of the Van Al len  r a d i a t  i o n .  

QUESTION: I n  what manner does i t  a f f e c t  you? 

DR. ROMAN: I t  g i v e s  you n o i s e  in  your p h o t o c e l l s  

which a r e  the  same as da rk  c u r r e n t  n o i s e ,  f o r  one t h i n g .  

QUESTION: Doesn ' t  i t  r e q u i r e  r e l a t i v e l y  few g r a m  

of s h i e l d i n g ?  

DR. ROMAN: Yes,  b u t  t h e  s h i e l d i n g  w i l l  s h i e l d  

the l i g h t .  

DR. KUPPERIAN: T h a t  depends on what s i g n a l  to 

n o i s e  r a t i o  you wmt . I t  r e q u i r e s  q u i t e  a few grams t o  

comple te ly  g e t  ri4 of I t .  On 8 s l n g l e  photon you s ta r t  

g e t t i n g  x-ray. You have  t o  s h i e l d  then .  

QUESTION: The abso rp t ion  cross s e c t i o n  i n  t h e  

cesium f i l m  is low enough. 

DR. KUPPERIAN: I t  could  reduce  i t  t o  some l e v e l .  

The q u e s t i o n  is what is the  l e v e l .  A t  t he  moment we a r e  

g e t t i n g  new s u r p r i s e s  from t h e  Van Al len  b e l t  as the  d a t a  
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come i n .  Sometimes i t  gets  lower, high e f f ec t s  appear  at  a 

l o w  a l t i t u d e ,  I d o n ' t  t h i n k  w e  are  going  to be able to 

a v o i d  i t  anyway, even i f  w e  s t a y  below 500 m i l e s .  

DR. ROMAN: I t h i n k  w e  had bet ter  break for lunch  

a n d  reconvene at  t w o .  If there  is an i n t e r e s t  i n  c o n t i n u i n g  

the  d i s c u s s i o n  of t h i s  a s p e c t  of the  problem w e  c a n ,  and 

t h e n  w e  w i l l  g e t  i n t o  t h e  a d m i n i s t r a t i v e  s i d e  of i t ,  

the  management s i d e  of i t .  Also, at the  r e q u e s t  of a number 

of peop le  i n  t h e  audience,  I have w r i t t e n  i n  order on the 

board t h e  names of the s p e a k e r s  t h i s  morning. 

(Thereupon a t  1 2 : 4 5  p , m . ,  a recess was taken  u n t i l  

2 : O O  p .m. ,  t h e  same d a y , )  
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AFTERNOON SESSION 2:15 P.M. 

DR, SCHILLING: Good a f t e rnoon .  As one of you 

remarked to m e  a f e w  minutes  ago, a i l  the  paging gruests 

were he re  a t  two o ’ c l o c k .  Our p a n e l  were taken to  a luncheon 

meet ing,  and I am wai t ing ,  myse l f ,  for an  e x p l a n a t i o n .  I 

w i l l  t u r n  i t  o’v’e~ tc D r .  Roman. 

DR. R O W :  N o  e x p l a n a t i o n  excep t  w e  s p e n t  too 

long t a l k i n g  before w e  o rde red ,  

I should  l i k e  i n  s t a r t i n g  t h e  program t h i s  

a f te rnoon to take up where we l e f t  off  t h i s  morning, and f i n d  

o u t  i f  t h e r e  are any more t e c h n i c a l  q u e s t i o n s  o n  any a s p e c t  

of t h e p r o j e c t s ,  any o f  t h e  exper iments  o r  o n  t h e  s tab i l iza t ion  

or communication. 

MR. MEINEL ( K i t t  Peak N a t i o n a l  Obse rva to ry ) :  I 

would l i k e  t o  a s k  a ques t ion  of M r .  T r i p l e t t .  He ment ioned  

t h e  cross coup l ing  w a s  a m i n o r  term. I wonder i f  t h a t  is 

r e a l l y  so .  Suppose you have three o r t h o g o n a l  c o o r d i n a t e s  

a n d  o n l y  one i n e r t i a l  wheel  as a n g u l a r  momentum, you s l e w  

t h a t  package 90. The momentum is 90 d e g r e e s  aut of phase .  

You have t o  take a l l  t h e  momentum and f e e d  i t  i n  h e r e  t o  

keep  your  package s t ab le .  

0 

MR. TRIPLETT: I was speak ing  from t h e  s t a n d p o i n t  

of f i n e  c o n t r o l .  The only  t i m e  you g e t  any s e r i o u s  cross 

c o u p l i n g  is if you allow f a i r l y  large rates about t h e  

opt ical  ax is .  You s e e ,  wel1,maybe the  o n l y  t h i n g  c o n t r o l l i n g  
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t h a t  is t h e  so l a r  o r i e n t a t i o n ,  c o n t r o l l i n g  mot ion  about  the 

axis.  As long  as you can keep those rates l o w ,  then  cross 

coup l ing ,  a t  least  for  f i n e  c o n t r o l ,  is rather n e g l i g i b l e .  

MR. MEINEL: There is this problem when you move 

f r o m  one object to the  n e x t .  

MR. TRIPLETT: Y e s ,  s lewing  c o n t r o l ,  You must 

c o n s i d e r  t h a t .  I t  might be a d v i s a b l e  t o  s l e w  one c o n t r o l  

a t  a t ime.  You can  get i n t o  some messy cross c o u p l i n g s .  

MR SAVEDOFF ( U n i v e r s i t y  of Roches t e r ) :  You 

mention p l u s  or minus one  degree on the solar  bat ter ies .  

Doesn ' t  t h a t  l i m i t  t he  area the  t e l e s c o p e  can  look at 

ra ther  s i g n i f i c a n t l y ?  

MR. TRIPLETT: I th ink  t h a t  w a s  f o r  i n i t i a l  

s t a b i l i z a t i o n .  You would l i k e  t o  g e t  the v e h i c l e ,  one s i d e  

p o i n t e d  toward the s u n  cr t he  s i d e  t h a t  has t h e  solar ce l l s  

p o i n t e d  toward the sun  to a c t i v a t e  the power s t a t i o n .  I 

t h i n k  any exper iment  would allow more t o l e r a n c e  i n  one 

d i r ec t ion ,  pe rhaps  up to 45 degrees, d u r i n g  o b s e r v a t i o n s  

where you c a n  ge t  70 per  c e n t  e f f e c t i v e n e s s  o u t  of t h e  

solar area. Otherwise ,  you would have t o  o r i e n t  the c e l l s  

w i t h  t he  s t r u c t u r e ,  

DR. ROMAN: Any o the r  q u e s t i o n s ?  

MR. BAXTER (Ryan A e r o n a u t i c a l  Company): Have you 

c o n s i d e r e d  t h e  solar c o n c e n t r a t i m  t y p e  of APU s o u r c e  as 

opposed t o  the  c e l l  type? 

~ 
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MR. TRIPLETT: To my knowledge w e  have n o t .  I a m  

n o t  familiar w i t h  t h a t  t ype .  

MR. BAXTER: I was zondering i f  there was any 

objection t o  t h i s  t ype  o r  would i t  n o t  be cons ide red  s u c h  

a good idea? 

MR, TRIPLETT: I would s a y  there is no o b j e c t i o n  

to  any type  a t  t h i s  t i m e ,  any th ing  t h a t  appea r s  feasible .  

DR. ROMAN: I think t h e  biggest  quest ion is t o  

i n c r e a s e  t h e  problem of radiat ion p r e s s u r e .  However, i f  

t h a t  can  be s o l v e d ,  I d o n ' t  t h i n k  t h a t  would be any 

o b j e c t i o n .  

MR. BAXTER: This  would be t h e  main c o n s i d e r a t i o n  

whether  o r  no t  t h e r e  would be any unbalance  due to 

r a d i a t i o n  p r e s s u r e .  

DR. ROMAN: That  and of c o u r s e  r e l i a b i l i t y ,  and 

a b i l i t y  t o  supp ly  what you want. 

MR, MITCHELL (Boeing A i r p l a n e  Company) : M r .  

T r i p l e t t ,  have you considered i n  that s i m u l a t o r  of yours  

the v i s c o s e  drag of t h e  air b e a r i n g s ?  I s n ' t  t h i s  

s i g n i f i c a n t  i n  t h e  control? 

MR. TRIPLETT: There is some drag. I t  is awfu l ly  

s m a l l .  I t h i n k  w i t h  t h i s  type of equipment a more s e r i o u s  

problem is what w e  call  t u r b i n e  to rque .  Any v i s c o s i t y  of 

the a i r  around t h i s  bal l  -- t h e  t h i n g  wants  to  rotate .  

T h i s  can  be minimized by very  close machining, v e r y  c a r e f u l l y  
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p o l i s h i n g  of bo th  t h e  ba l l  and t h e  seat i t  f i ts  i n .  S t i l l  

you have those t o  contend  w i t h ,  I n  f a c t ,  t hey  c a n  be 

q u i t e  l a r g e  as compared to  t h e  100 dyne c e n t i m e t e r s  w e  are 

t a l k i n g  of here .  

MR. GILLESPIE (LRC): On t h e s e  t u r b i n e  t o r q u e s  

we have found t h a t  w e  c o u l d  minimize t h i s  e f f e c t  by tilting 

t h e  base  t o  t h e  p o i n t  where t h e  ba l l  would no l o n g e r  ro t a t e .  

I t h i n k  t h i s  would a p p r e c i a b l y  r educe  the t o r q u e  i n  t he  

ground s i m u l a t i o n  t e s t .  

DR. ROMAN: Any o t h e r  q u e s t i o n s ?  I n  t h a t  case I 

want to make a few remarks i n  regard t o  the  t h i n g  w e  have 

been t a l k i n g  abou t .  

One i t e m  you might  have n o t i c e d  is t h a t  each  of 

these exper iments  has  been approached f rom a somewhat 

d i f f e r e n t  a n g l e .  Some of them have come up w i t h  s p e c i f i c a -  

t i o n s  which are n o t  i n  complete  agreement w i t h  the 

p r e l i m i n a r y  s p e c i f i c a t i o m  and some of the  s p e c i f i c a t i o n s  are 

s l i g h t l y  c o n t r a d i c t o r y  to  o n e  a n o t h e r .  On t h a t  my answer 

is t h a t  there  is n o t  any r e a l l y  r i g h t  or wrong abou t  these 

a t  th moment. We are a l l  i n  the s tage of p l a n n i n g  and 

t r y i n g  t o  find the  bes t  way of a t t a c k i n g  the  problem. The 

p r e l i m i n a r y  s p e c i f i c a t i o n s  were w r i t t e n  t o  t r y  to  g i v e  a n  

i d e a  to you peop le  of  t h e  s o r t  of t h i n g s  w e  had in mind. Some 

of t h e  r equ i r emen t s  are f i r m .  I n  o ther  cases, though,  w e  

c o u l d  a f f o r d  to  back down a l i t t l e  i f i t  t u r n e d  ou t  t h a t  what 



l a  

1 

~ ~ ~ ~ _ _ _  ~ -~ 

105 

w e  were a s k i n g  f o r  w a s  impossible, or  i f  n o t  impossible ,  a t  

least  i m p r a c t i c a l .  T k e  a r e  s t i l l  o ther  cases where w e  

would be w i i i i n g  t o  trade one  type nf hehavior  f o r  a n o t h e r .  

To take a v e r y  s imple  example, i n  t h e  t e l e v i s i o n  f i n d e r  

s y s t e m ,  the p r e l i m i n a r y  s p e c i f i c a t i o n s  i nd ica t ed  w e  wanted a 

15 degree f i e l d ,  w e  wanted t o  see s i x  and a h a l f  magnitude 

stars. As i t  t u r n e d  o u t ,  i f  t h e  15 degree  f i e l d  w a s  too 

large on which you could g e t  a t e l e v i s i o n  camera t h a t  would 

go t o  f a i n t e r  objects ,  I th ink  w e  c o u l d  l i v e  w i t h  a two to  

three degree f i e l d  i f  w e  went  t o  perhaps n i n t h  magnitude 

s tars .  I g i v e  t h i s  as a n  example of t h e  type  of trade off 

w e  m u l d  be w i l l i n g  t o  c o n s i d e r .  

I n  the case of the  c o n t r a d i c t o r y  approaches  of 

the v a r i o u s  exper iments  t h i s  is something that w i l l  have t o  

be i r o n e d  o u t ,  I t h i n k  a l l  o f  u s  are st i l l  a t  the  stage of 

do ing  p l a n n i n g  and t r y i n g  t o  f i n d  the  bes t  way. E v e n t u a l l y  

as fa r  as poss ib le  we w i l l  have to  f i n d  one common method 

of attack. We have approached t h i s  problem w i t h  t h e  idea 

w e  would n o t  d e s i g n  a new v e h i c l e  f o r  eve ry  a s t r o n o m i c a l  

expe r imen t ,  and I t h i n k  w e  are st i l l  working o n  t h a t  p l a n .  

I n  a d d i t i o n ,  as I mentioned e a r l i e r  d u r i n g  the  

q u e s t i o n  period, we are not p l a n n i n g  t o  devote  an  e n t i r e  

vehide to  a s i n g l e  experiment .  T h i s  means t h a t  t he  experiment  

w i l l  have t o  be made compatable w i t h  a common v e h i c l e .  

I have one other  t h i n g  I would l ike to  mention a t  
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t h i s  p o i n t .  That  is the  s p e c i f i c a t i o n s ,  the  p r e l i m i n a r y  

r equ i r emen t s  f o r  t h e  o p t i c a l  detectors  which most of YOU 

p i cked  up a t  t h e  door t h i s  morning. You may n o t  have had 

t i m e  t o  look at them, I t h i n k  a word on those is i n  order .  

We have said t h a t  t h e  o p t i c a l  detectors  w i l l  be 

the  province  a f the  e x p e r i m e n t e r s .  I anno t  go ing  back on 

t h a t  s t a t e m e n t  w i t h  the e x c e p t i o n  of t h e  t e l e v i s i o n  f i n d e r  

sys tem of c o u r s e .  However, a number of you have been 

a s k i n g  m e  what t y p e  of detectors w i l l  be used  i n  t h i s  problem. 

S i n c e  t h e  l i g h t  levels and wave l e n g t h  r e g i o n s  are d i f f e r e n t  

f r o m  those  which w e  t h i n k  about  when we t a l k  about  

e lectronic  d e v i c e s ,  M r .  Dunkelman, a s t a f f  scientist f o r  

o p t i c s  and de tec tors ,  has  p r e p a r e d  the p r e l i m i n a r y  r e q u i r e -  

ment  t o  g i v e  you peop le  some idea of the  types of sys t ems  

which the expe r imen te r s  and  w e  w i l l  be i n t e r e s t e d  i n .  

I th ink  w i t h  those comments, I w i l l t u r n  t h e  r e s t  

of the a f t e r n o o n  s e s s i o n  o v e r  to D r .  S c h i l l i n g .  

DR. SCHILLING: Thank you, D r  . Roman. I t h i n k  

w e  are g e t t i n g  now i n t o  the p r e s e n t a t i o n  where w e  thought  

you may have q u e s t i o n s  of a g e n e r a l  n a t u r e ,  i n c l u d i n g  

c o n t r o v e r s i a l  ques t ions  and pe rhaps  some q u e s t i o n s  of what 

comes n e x t .  

L e t  me m e n t i o n  again t h a t  today w e  are t a l k i n g  

abou t  a second g e n e r a t i o n  of e x p e r i m e n t s .  I d o n ' t  t h i n k  I 

have t o  d e f i n e  second g e n e r a t i o n  e x p e r i m e n t s .  I f  you want 

~ 
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some d e f i n i t i o n ,  something l i k e  we have more problems 

t h a n  a r e  s o l v a b l e  a t  t h e  moment. 

L e t  ine s t a r t  this nff w i t h  ampl i fy ing  one  of the  

remarks t h a t  D r ,  Roman made i n  h e r  i n t r o d u c t o r y  speech .  Dr. 

Roman mentioned t h a t  t h e  pre l iminary  s p e c i f i c a t i o n s  which 

were p repa red  by Ames Research Cen te r  and s e n t  o u t  a 

whi l e  ago t a l k e d  about  t h e  Vega v e h i c l e .  The Vega v e h i c l e  

is a two s t a g e  v e h i c l e  t o  p l ace  t h e  s a t e l l i t e  i n t o  o r b i t .  

A s  D r .  Roman p o i n t e d  o u t ,  no d e c i s i o n  has  been made as t o  

ulhe t h e r  t h e  s p e c i f i c  s t a b i l i z a t i o n  p l a t f o r m  v e h i c l d s  . fa r  

a s t ronomica l  labs w i l l  u t i l i z e  the Vega or the  Agena B. 

The c a p a b i l i t i e s  as f a r  as s a t e l l i t e  o r b i t s  a r e  cc txe rned  

are j u s t  about  t h e  same, so i t  might w e l l  be t h a t  w e  w i l l  

u s e  Atlas Agena B. 

According to  t h i s  p r e l i m i n a r y  qu ick  look, which 

we have had, t h i s  would n o t  change m a t e r i a l l y  t he  

specifications which a r e  i n  your  hands and anyth ing  which 

You heard  today ,  I t  might a f f e c t ,  i f  any th ing ,  t h e  t ime, 

when we t a l k  about  t h e  f i rs t  launching .  You heard throughout  

today 1963, We might as w e l l  s a y  t h e  end of 1962. We d o n ' t  

know. I t h i n k  I d o n ' t  have t o  e x p l a i n  where our  budget  

s t a n d s ,  You a l l  know t h a t  as w e l l  as w e  do ,  

QUESTION: When w i l l  you buy t h e  astronomical 

p 1 at f o r m ?  

DR,  SCHILLING: As soon as w e  have some money. 
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QUESTIW Do you t h i n k  i t  might be i n  1963, '62 

o r  '611 

DR.  SCHILLING: A s  D r .  Roman p o i n t e d  o u t ,  the  

p lanning  f o r  tes t  p r o j e c t s  is n o t  j u s t  budget  a l o n e .  We 

have other problems which could  not be s o l v e d  much fas ter  

even wi th  cash .  So I t h i n k  o u r  p l a n n i n g  w i l l  go ahead for 

1963 wi thout  s p e c i f y i n g  at t h i s  t i m e  whetbr  i t  w i l l  be 

launching  v e r y  e a r l y  i n  1963 o r  v e r y  l a t e .  T h i s  may change 

bo th  ways.  I c a n  n o t  see t h a t  i t  w i l l  come much ear l ie r  than  

t h e  middle o r  l a te  1962 i f  w e  are o p t i m i s t i c .  Could I have 

some comments from t h e  p a n e l ,  i f  a n y t h i n g  ear l ie r  than  1962 

would be real is t ic?  

I th ink  t h a t  we have a g e n e r a l  shaking  of h ads. 

QUESTION: Launching i n  1962 o r  procurement  i n  

19623 

DR. SCHILLING: We are t a l k i n g  a c c o r d i n g  t o  t h e  

s p e c i f i c a t i o n s  about  l aunch ing  i n  1963. Pe rhaps  to  ampl i fy  

t h l s a  l i t t l e  b i t ,  a t  t h i s  moment w e  have funded  some 

p r e l i m i n a r y  development contracts on a mos t ly  s t u d y  basis 

Moneys t h a t  have been funded on t h e  o b s e r v a t i o n  astronomy 

program have been i n  t h e  genera la rea . .  

DR. ROMAN: There is  a l i t t l e  b i t  g o i n g  on i n  t h a t  

area. There are also s e v e r a l  o t h e r  c o n t r a c t o r s ,  some i n  

o p t i c .  

DR. SCHILLING: F o r g e t t i n g  t h e  procurement  of  t h e  



i *  

P 

" 

109 

booster system, Vega or  Atlas Agena B booster sys tems,  when 

w e  are t a l k i n g  about procurement,  w e  are t a l k i n g  about  the 

next f i sca l  year as the first p o s s i b i l i t y  fo r  large scale 

development and e v e n t u a l  procurement.  I want to  throw t h i s  

open to  g e n e r l q u e s t i o n s  on t h i s  a s p e c t .  Are there any other  

ques t ions  ? 

MR. BAXTER (Ryan Aeronau t i ca l  Company): Is there 

any p a r t i c u l a r  process w e  can g o  through i n  o r d e r  to  

i n t e r e s t  you people i n  s p e c i f i c  ideas? Whom would w e  see,  

for  example? 

DR. ROMAN: I th ink  I have been t a l k i n g  t o  a 

number of you people  i n d i v i d u a l l y ,  and v e r y  many of these 

same q u e s t i o n s  have been coming up.  

f u n d i n g ,  and what. I t h i n k  I have told m o s t  of you t h e  same 

s t o r y  that we cannot  do the major fund ing  t h i s  f i sca l  y e a r .  

However, we d o  have some money f o r  s m a l l  s t u d y  c o n t r a c t s .  

These I emphasize w i l l  n o t  cover the  whole sys tem.  They are 

n o t  i n t e n d e d  t o  be tha t  l a r g e .  I do have a lis t here of 

areas on which I think w e  might consider s t u d y  c o n t r a c t s ,  

I w i l l  read t h i s  list q u i c k l y .  

When can w e  do the  

The c o u r s e  o r i e n t a t i o n  and s l e w i n g  system, 

that is, how you ge t  from one r e g i o n  of t h e  s k y  to  a n o t h e r  

and  s e t t l e  down there. 

The f i n e  s t a b l i z a t i o n  sys tem.  I t h i n k  t h i s  is 

one  w e  have a l l  gone through enough. There is no p a r t i c u l a r  
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d i f f i c u l t y  about  i t .  
the 

Means af b a l a n c i n g / s a t e l l i t e  i n  orbi t .  I t  has  been 

b rough t  up s e v e r a l  t i m e s  t h a t  the s a t e l l i t e  is g o i n g  to have 

to be a c c u r a t e l y  balanced. T h e  have been q u e s t i o n s  r a i s e d  

as to whether you cm measure balance3xihhax-t i n  t e n  t o  the  
one 

th i rd  whi l e  the  v e h i c l e  is' on the  ground in a s t r o n g  

g r a v i t a g i o n a l  f i e l d .  I t h i n k  we might be Interested In  

l ook ing  i n t o  ways in which we don ' t  have to doi t  thoroughly  

from t h e  ground. 

The effect of magnet ic  and g r a v i t a t i o n a l  f i e l d s .  

This has come up s e v e r a l  t i m e s  today. I t  may' be tha t  

there has been enough work done .on  that  a l r e a d y  so that no 

f u r t h e r  work is needed. 

An a c q u i s i t i o n  t e l e v i s i o n  system, a f inde r  telescope. 

A backup system f o r  t h i s .  I f ee l  we w u l d  be 

rather unhappy t o  p i n  the whole exper iment  o n  a t e l e v i s i o n  

sys tem.  We would l i k e  some other way of f i n d i n g  o u t  where 

the t e l e scope  is p o i n t i n g  or directing i t  to  a n o t h e r  pa r t  of 

the sky in t h e  absence of a working TV system. 

The data storage sys tem has come up. In p a r t i c u l a r  

there I a m  t h i n k i n g  about  the  storage for expe r imen t s  s u c h  

as t b  Michigan experiment  which Dr. L i l l e r  described,, 

a d  the experiment  which Y r  . Davis  described. 

covered  t h e  detector f i e ld .  E v e n t u a l l y  we hope to prepare 

I have a l r e a d y  

some pre l imina ry  s p e c i f i c a t i o n s  in t he  area of mmmunica t ions  

t e l eme t ry  and d a t a  h a n d l i n g  S i m i l a r  to those which we have 
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d i s t r i b u t e d  i n  the o t h e r  t w o  f i e l d s .  These have n o t  y e t  

been p repa red .  I imagine i t  w i l l  be a month or t w o  b e f o r e  

they  are. These are areas and t h e  t y p e s  of  areas i n  which 

w e  t h i n k  w e  would consider s tudy  c o n t r a c t s ,  

A s  b when w e  w i l l  r e q u e s t  t h e s e ,  I t h i &  you w i l l  

he h e a r i n g  from o u r  procurement department  in  t h i s  matter. 

Th i s  would go th rough them, and a l l  o f  you who are h e r e  

today ,  who have s i g n e d  cards and l e t  u s  know t h a t  you are 

i n t e r e s t e d ,  w i l l  r e c e i v e  m y  in fo rma t ion  on t h a t  when i t  is 

d i s t r i b u t e d .  

For  tk sake  of the  comple teness ,  I might ment ion 

t w o  areas which have been brought  up s e v e r a l  t imes which I do 

n o t  t h i n k  w e  w i s h  to p u r s u e  v e r y  s t r o n g l y  a t  t h i s  p o i n t .  One 

of these I have mentioned a l r e a d y ,  t h e  e f f e c t  o f  s p a c e  

environment  on materials and components. 
the 

The other is /power 

Supply .  The reason is  not t h a t  I do n o t  f e e l  t h a t  t h e s e  

areas are impor t an t .  They o b v i o u s l y  are h i g h l y  c r i t i ca l  

f o r  t h e  s u c c e s s  of t h i s  p r o j e c t .  However, t h e y  are also 

c r i t i ca l  f o r  t h e  s u c c e s s  of many o t h e r  p r o j e c t s ,  and t h e r e  

are r a t h e r  l a r g e  programs a l r e a d y  under  way i n v e s t i g a t i n g  t h e  

poss ib i l i t i es  and t h e  problems i n  t h e s e  f i e l d s .  

DR. SCHILLING: Thank you. A r e  t h e r e  any o t h e r  

q u e s t i o n s  on t h i s  s u b j e c t  area? 

MR. REICHENBACH ( K e a r f o t t  C o . ,  Washington, D. C . ) :  

Can you o u t l i n e  how NASA i n t e n d s  to o r g a n i z e  t h e  sys tem and 
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subsystem? You have one prime c o n t r a c t o r  t h a t  w i l l  manage 

t h e  subsystems? 

DR, SCHILLING: I w i l l  again a s k  D r ,  Roman to 

answer,  bu t  a long  w i t h  some i n t r o d u c t o r y  remarks.  Some Of 

you may be familiar w i t h  our p r e s e n t  p r a c t i c e s  which go b o t h  

ways. Normally NASA r e t a i n s  top  management c o n t r o l  f o r  

a l l  i ts p r o j e c t s .  Prime amtracts  have been l e t ,  l i k e ,  

fo r  example, i n  o u r  Able P r o j e c t  where t h e  pr ime contract 

is l e t  w i th  t h e  miss i le  d i v i s i o n  o f  the A i r  Fo rce  w i t h  the  

Space Technology Laboratories. That  is one instance 

where t h e  Space Technology Lab is engaged i n  t h e  contract. 

We have a n o t h e r  way. It goes to the Space F l i g h t  

C e n t e r  where w e  are b u i l d i n g  u p ,  t a k i n g  s c i e n t i f i c  

c a p a b i l i t i e s  as wel l  as s u p e r v i s o r  c a p a b i l i t y ,  we w i l l  

assign v a r i o u s  system management r e s p o n s i b i l i t i e s .  

A s  t o  t h e  s p e c i f i c  p r o j e c t  h e r e ,  no f i n a l  d e c i s i o n  

h a s  been made, and w i l l  not be made f o r  a whi l e .  Dr. Roman 

may have some s p e c i f i c  comments . 
DR. ROMAN: I d o n ' t  t h i n k  I have v e r y  much t o  add 

to  what a l r e a d y  h a s  b e e n s t a t e d .  The decisim has n o t  been 

made as to  whether w e  w i l l  do t h e  major sys t em management 

in-house or i n  i n d u s t r y .  However, I t h i n k  t h a t  a large 

s h a r e  of the  c o n t r a c t i n g ,  a large share of t h e  work o ther  

than  sys tem management w i l l  c e r t a i n l y  go o u t  to i n d u s t r y .  

DR. SCHILLING: A t  some l a t e r  time w e  nay  i n v i t e  

0 

. 



complete o v e r a l l  system management, b u t  as h a s  been p o i n t e d  

at,  t h i s  has  n o t  been dec ided .  System management c o n t r o l  

will be exercised by our  s t a f f  a t  o n e  of  o u r  c e n t e r s .  T h i s  

may be A m e s  Research C e n t e r ,  Langley, maybe Pn cooperatiolk 

w i t h  a small t a s k  group and a p r o j e c t  manager, 

MR. STEINMAPER ( B e l l  Aircraft) : Can w e  pu r sue  

t h a t  a l i t t l e  f u r t h e r ?  When you ge t  to p u t t i n g  your  hardware 

t o g e t h e r ,  a m  I r i g h t  i n  t h ink ing  t h a t  you peop le  w i l l  

p robably  s u b c o n t r a c t  t h e  actual j o i n i n g  of t h e  sys tems i n t o  

one package and  chedc o u t  t o  some group? 

DR, SCHILLING: That would appear  v e r y  l i k e l y .  

I n  o t h e r  words, w e  have v a r i o u s  possibilitiea. To answer 

more p r e c i s e l y ,  normally i n  experiments  w e  can t a l k  about  

f i e l d  packaging,  where i t  t akes  an  upper  stage and p u t  a 

payload  m t o p .  This payload comes from a l l  k i n d s  of p l a c e s ,  

v a r i o u s  u n i v e r s i t i e s  c o n t r i b u t e  exper iments  and s o  on .  We 

u s u a l l y  have t h i s  payload  packaging done.  At t h i s  p o i n t ,  t h e  

Army B a l l i s t i c  Missi le  Agency h a s  done qu i t e  a b i t  w i t h  u s  

i n  t h e  Juno Program, and is doing i t  now. Again i n  o u r  Able 

Project ,  i t  was done by STL' I t  is  v e r y  l i k e l y  t h a t  some of 

t h e s e  t h i n g s  c a n  be done by t h e  Space C e n t e r .  When w e  ge t  

M t o  t h e  second generation experiments  l i k e  t h i s  one  h e r e ,  

when w e  t a l k  about  experiments, t h e s e  are n o t  s m a l l  p r o j e c t s  

any more, b u t  w e  have to  t a lk  about  payload  sys tems.  

I n  a d d i t i o n  t o  the instrumentwhich o u r  own Center  w i l l  
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p r q a r e  actual assab ly  of 

may be by the Army, A i r  Force  o r  Navy or  through mutual 

t h e  complete v e h i c l e  and l aunch  

coope ra t ion .  I t  is v e r y  l i k e l y  w e  w i l l  look f o r  a contractgr for  

e v e r y t h i n g  which  is above the basic booster sys tem,  and ask 

f o r  complete assembly.  However, w e  w i l l  n o t  a s k  t h i s  agency 

to do t h e  s u b c o n t r a c t i n g  f o r  s c i e n t i f i c  expe r imen t s .  

T h i s  is a long  answer. A r e  you thoroughly  confused? 

DR. ROMAN: One t h i n g  w e  have been t h i n k i n g  a b o u t  

i n  t h i s  is t h a t  w e  might l i k e  to  r e s e r v e  the  r i g h t  t o  s p e c i f y  

s u b c o n t r a c t o r s  i n  c e r t a i n  a r e a s .  T h i s  would of c o u r s e  

a p p l y  to  t h e  exper iments  and you have mentioned it might app ly  

to  t h e  t e l e m e t r y .  

MR. STEINMAYER: P w s u i n g  that one  s t e p  f u r t h e r ,  

assuming you would have some c a n t a c t  do t h a t  f o r  you, would 

you care t o  make any n o n - d e f i n i t i v e  comment abou t  what t h a t  

c o n t r a c t o r  p a r t i c i p a t i o n  might  be i n  t h e  s p a c e  program? 

DB. SCHILLING: I n s t e a d  of answering i n  the f u t u r e  

l e t  m e  go back and g i v e  an example.  If you remember t h e  

P i o n e e r  f l i g h t s  , something similar w a s  i n  e f f e c t ,  namely, 

where ABMA d i d  part of t h e  l aunch ing ,  8s I remember, and 

some of you have been i n v o l v e d ,  I t h i n k  the  r e s p o n s M l i t y  

a f t e r  the  v e h i c l e  w a s  up a c e r t a i n  a l t i t u d e .  Such an 

arrangement  m i g h t  be p o s s i b l e .  T h h o f  c o u r s e  depends on t h e  

c a p a b i l i t y .  Also a mutual  a r rangement .  There may be a 

p o s s i b i l i t y  of t w o  o r  t h r e e  contractcPg j o i n i n g  together. &e 

e 
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there  any other comments or q u e s t i o n s  alollg t h i s  l i n e ?  

MR. TURNER (Republ ic  Av ia t ion  Corporat i o n )  : What 

do you v i s u a l i z e  would be the iiltfmate f w d i n g  to  get  seven 

v e h i c l e s  i n t o  space i n  1963? 

DR. SCHILLING: O r b i t t i n g  as as t ronomica l  o b s e r v a t o r y  

npn i m C t S ?  r--d- 

MR. TURNER: Yes. 

DR. SCHILLING: I t h i n k  a comment w a s  made tha t  

o u r  p a n e l  w a s  p robably  t h i n k i n g  o f  abou t  one  l aunch ing  a 

y e a r ,  is t h a t  correct.  

DR. ROMAN: I d o n ' t  t h i n k  w e  ac tu i l ly  s ta ted t h a t .  

Tha t  is what w e  would l i k e  t o  see.  

DR. SCHILLING: As long  as i t  is no t  one eve ry  

month, I am happy, b u t  to g i v e  you a f i g u r e  would be r e a l l y  

j u s t  a r t i f i c i a l ,  Of c o u r s e ,  we have gone through budget ing ,  

w e  have gone through detai led budge t ing ,  b u t  w i t h  s o  many 

problems unsolved ,  so much depends on when and how expens ive  

are the s o l u t i o n s .  If I throw o u t  someth ing  l i k e  $25 m i l l i o n  

t h a t  is i n  t h e  r i g h t  bal l  park  n o t  c o u n t i n g  the  boosters. 

Would you agree w i t h  t h i s ?  D r  . Kupperian h a s  been i n  t h e  

budge t ing  f o r  a long  t ime.  Would you care to  s t i c k  your 

neck  o u t ?  

DR. KUPPERIAN: If you d o n ' t  have any t r o u b l e s ,  

you probably  c o u l d .  

DR. ROMAN: I t h i n k  the  real  answer t o  t h i s  
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q u e s t i m i s  t h a t  t he  person  who asks i t  and t h e  o t h e r s  i n  the 

a u d i e n c e  c o u l d  p robab ly  & a  b e t t e r  job of t e l l i n g  u s  than  w e  

can of t e l l i n g  them. 

DR. SCHILLING: Any more q u e s t i o n s  a long  t h i s  

g e n e r a l  l i n e  of manager ia l  arrangements ,  c o n t r a c t u a l  

arrangements? 

M R .  BAXTER: I d o n ' t  remember w h a t  you said. If 

w e  have ideas,whom would w e  see? 

DR. SCHILLING: Whom would you see? Well, as i n  t h e  

p a s t ,  I want t o  e x p l a i n  t h a t  D r  . Roman is head of our 

Observa t iona l  Astronomy Program. l h i s  is one  of t h e  p r o j e c t s  

where she  has  a d m i n i s t r a t i v e  management and r e s p o n s i b i l i t y .  

P a r t i c i p a t i n g  in t h i s  p r o j e c t  from t h e  NASA e n g i n e e r i n g  

s c i e n t i s t s ,  o u r  Ames Research C e n t e r .  They have 

prepared t h e  p r e s e n t a t i o n ,  Some of you have v i s i t e d  them o u t  

t h e r e .  

J u s t  come and see D r .  Roman. I t h i n k  your  

q u e s t i o n  was r e a l l y  r e l a t e d  to t h e  immediate i n t e r e s t  for 

s t u d y .  Any i n q u i r i e s  you have ,  p l e a s e  address them to  D r .  

Roman, If you have p r o j e c t  p r o p o s a l s  j u s t  address them to  

N a t i o n a l  Aeronaut ics  and Space A d m i n i s t r a t i o n .  They w i l l  a l l  

go to  o u r  Research and Contract O f f i c e ;  D r .  L loyd  Wood w i l l  

r e c e i v e  them. They w i l l  again end up w i t h  Dr. Roman, I t  is 

her  r e s p o n s i b i l i t y  and h e r  associates to  m a k e  d e c i s i o n s .  

DR. ROMAN: I s h o u l d  l i k e  to  r e p e a t  what I s ta ted 

0 
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e a r l i e r ,  though, t h a t  I th ink  a l l  o f  you w i l l  be h e a r i n g  

from our procurement o f f i c e ,  I hope i n  t h e  n o t  too d i s t a n t  

f u t u r e ,  which w i l l  g i v e  a fzw m r e  d e t a i l s  on t h e  p r o c e s s  

of s u b m i t t i n g  p r o p o s a l s  for s tudy  c o n t r a c t s  i n  t h e s e  areas .  

M R .  GILBERT (Bendix Corpora t ion ) :  W i l l  t h e s e  be 

m iz compe t i t i ve  b a s i s ,  o r  w i l l  these  be a s o r t  of 

s o l i c i t e d  list? 

DR. SCHILLING: The major procurement items as w e l l  

as s m a l l  i t ems ,  regardless  of funds ,  w i l l  be m a  c o m p e t i t i v e  

basis .  I n  fac t ,  w i t h i n  the  AstrononIy and Astropwsics Program 

a l l  t h e  basic r e s e a r c h  contracts  that have been l e t  s o  far 

have been c o m p e t i t i v e .  Bel ieve  m e ,  w e  have had hundreds 

of p r o p o s a l s .  However, when w e  t a l k  about  s t r a i g h t  

procurement i t e m s  as a g a i n s t  basic research a s p e c t s ,  w e  t a lk  

abou t  formal  b i d d i n g  p rocedures .  

DR. ROMAN: I th i r l r1  would l i k e  to  r e s t a t e  what 

p u  h m e  sa id  i n  a s l i g h t l y  d i f f e r e n t  way. I a m  s a y i n g  t h e  

same t h i n g .  Any p r o p o s a l s  which you submi t  t o  u s  are 

n e c e s s a r i l y  go ing  t o  be judged on a c o m p e t i t i v e  basis .  If 

Bendix submi t s  a p r o p o s a l  and Ryan submi t s  a p roposa l  for 

t h e  same t h i n g ,  w e  are ing  to look  a t  i t  and d e c i d e ,  w e l l ,  

who looks l i k e  they  are going to ge t  the  bes t  r e s u l t s  

and who is going  to do i t  f o r  t h e  least  money. I d o n ' t  

t h i n k  w e  are a t  the  s t a g e  where w e  can g i v e  you a f i r m  se t  of 

S p e c i f i c a t i o n s  and go o u t  t o  t h e  type of b i d s  where  w e  want 
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the  lowest  pr ice  m producing  10 packages w i t h  v e r y  detai led 

parts to  them. 

DR. SCHILLING: S ince  fund ing  was mentioned,  t h i s  

list which you read, D r .  Roman, t h i s  does no t  t a l k  of 

m i l l i o n s  of dol lars?  

DR. ROMAN: N o .  

DR. HELVEY: What k i n d  of c e i l i n g  would you say?  

You s a i d  n o t  a m i l l i o n  do l la rs .  $100,000? $50,0001 

$10,000 

DR, ROMAN: I-tkiak i t  depends l a r g e l y  on t h e  

c o n t r a c t .  I t h i n k  t h e  numbers you have been mentioning 

are i n  the r i g h t  bal l  p a r k  -- not  the m i l l i o n  d o l l a r s .  

DR, SCHILLING: I n  t h e  p r e s e n t  f iscal  y e a r  the  

funds  are v e r y  much l imi ted ,  We are r e a l l y  t a l k i n g  about  

something l i k e  10 to 5 0  thousand dol lars  In one s u b j e c t  area 

as a g a i n s t  t h e  o ther ,  which is r e a l l y  something to ge t  

started In research development a l o n g  t h i s  l i n e .  

D r .  Roman, you have two f i lms  which w i l l  be shown, 

I unde r s t and .  

DR. ROMAN: would you l i k e  to see a f i l m  on  the 

a i r  f loa t ing  platform o r  n o t ?  

DR. SCHILLING: Since also ear l ie r  t h i s  morning 

there w a s  mentioned a s t u d y  be ing  done by D r .  Meinel 

fo r  the  Na t iona l  Sc ience  Foundat ion i n  basic research 

aspects of astronomy i n  space, is Dr. Y e i n e l  i n  t h e  audience?  
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Perhaps if YOU could come up here  and  describe i n  a f e w  

words how t h i s  f i ts  i n ?  I want to  mention t h a t  w e  have i n  

e x i s t e n c e  o u r  working group on  orbi t ing as t ronomica l  

o b s e r v a t o r i e s  and D r .  Meinel is a m e m b e r  of i t .  Could you 

come up and describe i n  a few minutes  what you are doing 

and h o w  i t  fits fa with the long r ange  p l a n s ?  

1 

DR. MEINEL: D r .  S c h i l l i n g ,  e a r l i e r  today ,  i n  

fact  s t a r t i n g  the p r e s e n t a t i o n ,  D r .  Roman mentioned t w o  

r e a s o n s  to go above space. A l l  the  expe r imen t s  t h a t  have 

been described invo lve  one of those r e a s o n s  o n l y .  That  is 

the fac t  tha t  you are above the s e l e c t i v e  a b s o r p t i o n  of the  

atmosphere.  The other  one, above t h e  t u r b u l e n c e ,  leads t o  

a n o t h e r  a s p e c t  that is t h e  high r e s o l u t i o n  one .  

Rockets have gone above the  atmosphere, and have 

e x p l o r e d  t h e  u l t r a v i o l e t  s e c t i o n  a€ the  s u n .  Also b a l l o o n  

t e l e s c o p e s  have gone high i n  t h e  atmosphere to g a i n  

r e s o l u t i o n .  As i n  the case of t h e  rockets, the b a l l o o n  has 

o n l y  an  occasional g l impse .  Repeats are slow i n  betwea 

and they  s e r v e  as ,  a g a i n ,  r o c k e t s  to whet the a p p e t i t e  of 

s c i e n t i s t s  to  know t h i n g s  a l i t t l e  b i t  more on a con t inuous  

bas i s .  
m 

F o r g e t t i n g  the  f a c t  t ha t  you need a v e h i c l e ,  w e  

are examining t h e  q u e s t i o n  of j u s t  what would meet both 

r e q u i r e m e n t s .  T h i s  has  l e d  u s  to a s ize ,  a 50 i n c h  appe r tu re  

as be ing  the  smallest  s i z e  t e l e s c o p e  t h a t  would permit a 
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s i g n i f i c a n t  g a i n  i n  a n g u l a r  r e s o l u t i o n  o v e r  ear thbound 

t e l e scopes .  T h i s  s e t s  a ra ther  large s i z e  and i n v o l v e s  q u i t e  

a l i t  of weight  and is o u t  of t h e  q u e s t i o n  as fa r  as the 

v e h i c l e s  t h a t  w e  have been t a l k i n g  about today are 

concerned.  

We also c o n s i d e r e d  what would be the most des i rab le  

o rb i t  t o  p u t  t h i s  i n  and came to t h e  conclus ion  t h a t  the  24 

hour o r b i t  has  many t h i n g s  to  commend i t ,  You s u f f e r  q u i t e  

a payload p e n a l t y  to  get t o  t h a t  a l t i t u d e ,  you must  admit,  

bu t  such t h i n g s  as g r a v i t a t i a a l  t o rque  are l e s s  by factors 

of t h e  o r d e r  of a hundred o r  more, r e d u c i n g  t h e  d i s t u r b a n c e  

problem from t h e  g r a v i t a t i a a l  t o r q u e .  Your g a i n  o u t s i d e  

the  Van Al len  zone  is rough ly  the  same l e v e l  you would g e t  i n  

some of the l o w  a l t i t u d e  o r b i t s .  You st i l l  have t h e  

r a d i a t i c n p r e s s u r e  problem to  b o t h e r  you. You a re  o u t  of 

t h e  s p u t t e r i n g  problem e n t i r e l y .  You have a c o n t i n u o u s  

access problem so t h a t  there  i s  no data storage i n v o l v e d .  

I n  s h o r t , y o u  admit t o  t h e  payload  p e n a l t y ,  you have b e n e f i t s  

from t h e r e  on .  

T h i s  type  of p r o j e c t  is -- D r .  S c h i l l i n g  refers  

to t h e  one d i s c u s s e d  today as the  second  g e n e r a t i o n  for  t h i r d  

o r  f o u r t h  g e n e r a t i o n .  N e v e r t h e l e s s ,  some of t h e  problems 

a p p e a r  t o  have s u c h  a magnitude t h a t  some s t u d y  h a s  to be 

done r easonab ly  e a r l y .  That  b o n e  of the  r e a s o n s  why w e  

are e x p l o r i n g  i t .  As f a r  as v e h i c l e  goes, there  are v e h i c l e s  
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on the ho r i zon  s u c h  as the  Sa turn  that  have the  payload 

c a p a b i l i t y  f o r  24 hour o r b i t  t h a t  is r e q u i r e d  by t h i s  

a s t ronomica l  r equ i r emen t .  I n  o u r  detai led d e s i g n  w e  have 

departed a f e w  p l a c e s  from t k p h i l o s o p h y  of t h e  p r e s e n t  one.  

One is i n  o u r  s tar  a c q u i s i t i o n  and guidance  sys tem.  We have 

one advantage ~ h i c h  I c m  shnm graphically by t h e  globe here.  

We ‘are off  6 . 6  e a r t h  r a d i i  so the s a t e l l i t e  is 

somewhere i n  t h i s  p o s i t i o n  with r e s p e c t  to the g l o b e .  

As a consequence, we can s e l e c t  guide stars which are never  

o c c u l t e d  by the ear th  o r  moon, As a consequence,  w e  can have 

cont inuous  acqu i s i t i on  and guidance on t he  star% and the 

sys tem that w e  w i l l  envisage  a c t u a l l y  more of a n a v i g a t i o n a l  

s y s t e m  which picks two b r igh t  stars and operates cnthem 

almost c o n t i n u o u s l y .  

The method of a c q u i s i t i o n  is s imply  t h a t  once you 

have o r i e n t e d  the s u n ,  you can  s e t  off a d e f i n i t e  ang le ,  

as D r .  Code is propos ing ,  and s imply  p i c k  up t h e  f i r s t  

b r i g h t  s t a r .  Then you c a n  s e t  the second ang le  to  pick up 

your  second s ta r .  You t r i a n g u l a t e  your  c o o r d i n a t e  sys tem 

a n d  remain on t h i s ,  As l ong  as the vehicle has 

o r i e n t a t i o n  p o s i t i o n ,  you can s e l ec t  your stars and m a i n t a i n  

these and obse rve  some 90 p e r  c e n t  of the sky  w i t h o u t  moving 

off t h e  stars. So i t  s i m p l i f i e s  some of t h e  g u i d i n g  problems.  

Of c o u r s e ,  the c o n t i n u o u s  a c q u i s i t i o n  i f  t h i s  can be 

operated means t ha t  you can IS e f a i r l y  large d i s h e s ,  YOU 
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d o n ' t  need 60 foot dishesto s l e w  a t  h igh  a n g u l a r  ra tes  t o  

keep o n  your target ,  You can  o n l y  take accoun t  of t h e  

small p e r t u r b a t i o n s  produced by t h e  e q u a t o r i a l  bu lge  and 

t h e  moon on s u c h  an o r b i t .  We are e x p l o r i n g  some of  these 

problems. 

The moment you g e t  t o  something as b i g  as 50 i n c h e s  

there  is a fundamental  q u e s t i o n  as t o  whether you can e v e r  

expect to p u t  a t e l e s c o p e  of that s i z e  i n  o r b i t  w i t h  

any th ing  approaching  the  t h e o r e t i c a l  r e s o l u t i o n  which is 

one of the r e a s o n s  why w e  wanted to ge t  up there  i n  t h e  f i r s t  

place. So t he re  are many problems and many s t e p s  invo lved .  

T h i s  s t u d y  w i l l  go on and explore some of these 

s o l u t i o n s .  I th ink  there is mutual  b e n e f i t  i n  some of these 

sys t ems .  The p o i n t  I mentioned to  D r .  T r i p l e t t  abou t  t h e  

problem o f  be ing  able  t o  move i n  a c o o r d i n a t e  sys t em from 

one object t o  t h e  o t h e r .  I n  o u r  case w e  have the same 

l i m i t a t i o n s ,  w e  p u t  the  i n e r t i a l  absorber on t h e  n a v i g a t i o n a l  

sys tem.  So you never  change y o u r  i n e r t i a l  absorbers a t  a l l .  

So you g e t  r i d  of some of these minor problems. The 

t echn iques  of s e t t i n g  the  telescope a re  d i f f e r e n t .  You 

s imply  measure s h a f t  a n g l e s  w i t h  respect to your  n a v i g a t i o n a l  

sys tem t o  your main package.  

These methods are used c o n v e n t i o n a l l y .  The 

q u e s t i o n  of s h a f t  d i g i t i z i n g  is rather  s t a n d a r d  process so 

t h a t  i t  invo lves  a d i f f e r e n t  type  of a c q u i s i t i o n .  Of c o u r s e ,  
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t h e  accuracy w i t h  which you can fundamenta l ly  s e t  the  

t e l e s c o p e  is s t i l l  l i m i t e d  t o  pe rhaps  three minutes  of arc. 

But  t h i s  is u s u a l l y  close enoilgh t o  pick up t h e  object you 

wish to  s t u d y  i n  your  prime o p t i c a l  sys tem.  So i t  perhaps 

has  an advantage from t h a t  s t a n d p o i n t ,  

Wow: there are undoubtedly ano the r  bunch of 

q u e s t i o n s  coming up s i n c e  t h e  r a d i a t i o n  to rque  is n o t  

changed. I n  o u r  p r e l i m i n a r y  des ign  work w e  h i t  a ra ther  

d f f i c u l t  problem. F o r  i n s t a n c e ,  j u s t  simple c o n f i g u r a t i o n  

w i s e ,  because t h e  so l a r  c e l l s  are e s s e n t i a l l y  black, the 

r e s t  of your  v e h i c l e  w i l l  p robably  be w h i t e  because of 

thermal  problems,  If your  radiation p r e s s u r e  i s b a l a n c e d  on 

t h e  c e n t e r  of g r a v i t y  i n  one  o r i e n t a t i o n ,  you change i t ,  

you s h i f t  t h e  c e n t e r  of g r a v i t y ,  and you develop  a new t o r q u e .  

I t  seems, o f fhand ,  abou t  the  o n l y  t h i n g  that is r e a l l y  

independent  of t h i s  is a w h i t e  b i l l i a r d  ball covered 

w i t h  f r eck le s ,  and t h e  f reckles  are solarcel ls .  Of c o u r s e  

they  are n o t  working at  maximum e f f i c i e n c y ,  b u t  i t  is t h e  

o n l y  c o n f i g u r a t i o n  we can  see t h a t  you have any symmetry. 

I t h i n k  t h i s  o u t l i n e s  a f e w  of t h e  t h i n g s  t h a t  
J 

w e  have been look ing  a t  w i t h  the view that some day t h e  

c a p a b i l i t y  may e x i s t  and need may e x i s t  fo r  such  an  

i n s t r u m e n t  . 
DR. SCHILLING: Thank you, D r .  Meinel.  May I add 

h o p e f u l l y ,  maybe three y e a r s  from now when t h e  problems which 



124 

w e  heard abou t  t h i s  morning are a l l  s o l v e d  and the  v e h i c l e  

approaches a count  down stage, we w i l l  have a s imilar  

meeting here where w e  w i l l  d i s c u s s  what  to do n e x t .  

A r e  w e  r e a d y  fo r  t h e  f i l m  now? 

DR. ROMAN: Maybe I can  take t h i s  t i m e  to  make 

one announcement which I w a s  asked  t o  make, I t  has  n o t h i n g  

t o  do w i t h  o u r  program today .  D r .  Helvey, af R a d i a t i o n ,  I n c .  

has  asked m e  to c a l l  your a t t e n t i o n  t o  a symposium on s p a c e  

t r a j e c t o r y  which is  be ing  sponsored  by ARPA and t h e  American 

A s t r o n a u t i c a l  S o c i e t y ,  b e i n g  h e l d  i n  Orlando,  F l o r i d a ,  

i n  mid-December. F o r  d e t a i l s  I s u g g e s t  you see  h im.  You 

had b e t t e r  s t a n d  up s o  t h a t  peop le  w i l l  know what you look 

l i k e .  

A r e  t h e r e  any o t h e r  q u e s t i o n s  w h i l e  w e  are w a i t i n g ?  

QUESTION: If by some s t roke of l u c k  someone s h o u l d  

propose a novel  idea f o r  a development program, would t h a t  

idea be p u t  up f o r  c o m p e t i t i v e  b i d s ,  o r  can  a n e g o t i a t e d  

c o n t r a c t  be ar ranged?  

DR. ROMAN: I t h i n k  I see what  p u  mean, I t h i n k  

t h e  q u e s t i o n  w e  were answer ing  before w a s  a l i t t l e  b i t  

d i f f e r e n t  from tha t .  I t h i n k  at  t h i s  s t u d y  c o n t r a c t  phase w e  

would c o n s i d e r  t h a t  t he  c o r n p e t i t i t o n  w a s  i n  t he  ideas .  I t  

does n o t  mean t h a t  having/g iven  an idea,  w e  would then  take 

i t  and send i t  o u t  t o  i n d u s t r y  f o r  b ids .  

been 

DB. SCHILLING: Any more q u e s t i o n s ?  

~ 
~ . ~ 
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blR. BURNELL (Aeronau t i ca l  Lab): With r e s p e c t  t o  

t h i s  24 hour  o r b i t ,  have you cons ide red ,  o r  would you 

care to s a y  something about  t h e  problem of keeping  t h e  

s a t e l l i t e  o v e r  t h e  p a r t  o f  t h e  ea r th  f r o m  which you can  

see i t  o v e r  a r e a s o n a b l e  period of t i m e ?  

MR. MEINEL: We have c o n s i d e r e d  tha t  and ceased 

to consider i t  when w e  were s imply t o l d  t h a t  t hey  had io 

achieve t h i s  c a p a b i l i t y  f o r  o t h e r  problems of far greater 

impor tance .  T h e r e f o r e ,  w e  assumed t h a t  i t  would be ach ieved .  

That  is an e a s y  way o u t .  

DR. SCHILLING: Dr.Roman, i t  looks  l i k e  w e  might  

ge t  one of your  o b s e r v a t o r i e s  up before we can g e t  a 

p r o j e c t i o n i s t .  

DR. ROMAN: M r .  G i l l e sp ie ,  f r o m  t h e  Langley 

Research C e n t e r .  He owns one of t h e  f i l m s  which w e  are 

w a i t i n g  to  see.  

MR. GILLESPIE: The Space O r i e n t a t i o n  C o n t r o l  

Programs at  t h e  Langley Research C e n t e r ,  I b e l i e v e  i n  o u r  

p r e l i m i n a r y  work have c o m e  up a h  t w o  r e s u l t s  which may have 

some a p p l i c a t i o n  i n  t h i s  p a r t i a  lar  s p a c e  mis s ion .  I t e m  

No. 1, w e  have been working on a d e s i g n  fo r  a solar 8ensQr . 

which makes use of s i l i c o n  ce l l s  mounted a t  an a n g l e  which 

would be o r i e n t e d  to the  d i r e c t i o n  of the s u n .  These would 

be connected  i n  a bridge c i r c u i t  and t h e i r  o u t p u t  of c o u r s e  

t h e n  would be working a g a i n s t  e a c h  o t h e r  to g i v e  a c o n t r o l  

s i g n a l .  The c o n f i g u r a t i o n  w e  have drawn or p i c t u r e d  on t h e  
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first s l i d e .  

( S l i d e )  

I d o n ' t  know if t h i s  is v i s i b l e  t o  the people i n  

the back. On t h e l e f t  s i d e  we show w h a t  w e  c a l l  some coarse 

s e n s o r s  i n  t w o  a r rangements ,  one w i t h  an i n d e n t e d  o r  

i n v e r t e d  pyramid around t r i a n g u l a r  c e l l s  which i n  t h i s  case 

would have a c a p t u r e  c a p a b i l i t y  of approximate ly  90 

degrees.  In  t h e  bottom case w e  have raised t h e s e  c e l l s  up 

a b o v e , t h e  s u r f a c e  of t h e  v e h i c l e  which i n  t h i s  case is n o t  a 

f l a t  s u r f a c e ,  bu t  which c o n t i n u e s  the s l o p e  o f  the  s i l i c o n  

c e l l s  and increases the  a n g l e  of c a p t u r e  to  approximate ly  150 

d e g r e e s .  For  t h i s  case t h e  c e l l s  are mounted 60 degrees 

from what w o u l d  be t h e  normal  f l a t  s u r f a c e .  Over on t h e  o the r  

s i d e  w e  show t h a t  by add ing  a s h i e l d ,  the  s h i e l d  is a 

l o n g  r e c t a n g u l a r  column, w e  can  i n c r e a s e  t h e  s e n s i t i v i t y  

of t h i s  arrangement by the  shadow e f f e c t  f r o m  t h e  s;hield.  

For  long  d u r a t i o n  ope ra t i cm i n  o r b i t  w e  have 

i n d i c a t e d  a p o s s i b l e  scheme f o r  c o r r e c t i n g  any a g i n g  e f f e c t s  

which would t end  to  change the  cha rac t e r i s t i c s  of the 

i n d i v i d u a l  components,  However, w e  are u n c e r t a i n  as t o  

how much change msy o c c u r  and j u s t  how big tk problem might  

be. 

In  the nex t  s l i d e  w e  show the measurements made of 

t h e  v o l t a g e  o u t p u t  of the  coarse a n d  f i n e  s e n s o r s  which w e  

described. I n  t h i s  p a r t i c u l a r  case the  s o u r c e  of l i g h t  w a s  

~~ ~ 
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an  aircraft  l a n d i n g  l i g h t  of rather l o w  i n t e n s i t y  compared 

to the  s u n ,  and each c e l l  w a s  r e a l l y  made up of s i x  

i r id iv idua l  solar ce l l s ,  which  is the r eason  for  the rather 

large v o l t a g e  o u t p u t .  But t h i s  large v o l t a g e  o u t p u t  is 

one reason  fo r  going  to  the s i l i c o n  ce l l s .  That is, w e  f e e l  

t h e r e  would be l e s s  a m p l i f i c a t i o n  r e q u i r e d  i n  that a c t u a l  

f i n a l  d e s i g n .  

The cu rve  i n  red h e r e  wmld be f o r  t h e  coarse 

sensors; by add ing  the s h i e l d  w e  can  improve the  s e n s i t i v i t y  

by t h e  s h i e l d .  I t h i n k  tha t  w i l l  be enough f o r  the s l i d e s .  

DR. ROMAN: Do we have a p r o j e c t i o n i s t  f o r  the  

movie now? 

MR. GILLESPIE: I t h i n k  I could probably  sum up 

what t h e  movie i n d i c a t e s .  We used  a p r e l i m i n a r y  v e r s i o n  of 

t h i s  solar   enso or i n  connec t ion  w i t h  t he  s imple  s o l e n o i d  

o p e r a t e d  a i r  j e t  sys tem,  c o l d  n i t r o g e n ,  and t h e  p o i n t i n g  

a c c u r a c y  achieved  t o  date h a s  been p l u s  o r  minus 18 seconds  

of arc. To do be t te r  than  t h i s  in the  ground s i m u l a t i o n  tes t  

made w i t h  the  u s e  of t h e  hemisphe r i ca l  air b e a r i n g  would seem 

to r e q u i r e  some a t t e n t i o n  to r educ ing  the  t r a d i t i o n a l  back- 

ground n o i s e  f r o m  t h e  room, People walking arourd the 

room and a i r  c u r r e n t s  and the  l i k e .  But w e  f e e l  t h a t  t h i s  

solar s e n s o r  can be developed a l o n g  w i t h  a more r e f i n e d  

c o n t r o l  sys tem to  g e t  down t o  the  one second of arc p o i n t i n g  

a c c u r a c y  which h a s  been mentioned e a r l i e r .  
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The other t h i n g  which t h e  f i l m  shows is one of 

t w o  methods w e  have been looking i n t o  f o r  means of un load ing  

the f lywhee l  to  p r e v e n t  s a t u r a t i o n .  Both methods t h a t  w e  

are c o n s i d e r i n g  would make u s e  af the r e a c t i o n  we c a n  o b t a i n  

w i t h  t h e  e a r t h ' s  magnetic f i e l d .  In the f i l m  w e  have made 

tes ts  w i t h  a combination s y s t e m  of a f lywhee l  working a long  

w i t h  a bar magnet, w i t h  the bar magnet g i v i n g  a c a p a b i l i t y  

for  reducing  t h e  f lywhee l  speed. 

A second a l t e r n a t e  method w h i c h  w e  have n o t  y e t  

tested bu t  which looks feas ib le  for  the  case where the 

i n e r t i a l s  at' the  s a t e l l i t e  are closely e q u a l  -- i n s t e a d  of 

d e s i g n i n g  the  f lywhee l  i n  t h e  form (3p an  e l o n g a t e d  

c y l i n d e r ,  to m a x i m i z e  the  magnet ic  s k i n  damping effect  

t h a t  can  be o b t a i n e d  by a s p i n n i n g  body i n  the ear th 's  

magnet ic  f i e l d .  T h i s  seems l i k e  a possible s o l u t i o n .  

I th ink  if  we have t h e  f i l m ,  w e  c a n  then  s ta r t .  The 

f i l m  has t i t l e s  which are somewhat self e x p l a n a t o r y .  

DR. ROMAN: I would l i k e  t o  s u g g e s t  t h a t  s i n c e  

there has  been t h e  d i f f i c u l t y  and  the d e l a y  i n  the f i l m  

and I know tha t  a t  least; some of YOU have other appoin tments  

to catch, t h a t  perhaps w e  should  a d j o u r n  the  mee t ing ,  and 

then  those of you who would l i k e  to s t a y  t o  see the  t w o  

movies are p e r f e c t l y  welcome to do so. 

t 

4 

Before I a d j o u r n  I have a message here f o r  M r .  

Reichenbach of Kearfott Company, if he w i l l  see m e .  I want 
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t o  thank you a l l  f o r  coming. I a m  v e r y  s o r r y  I kept you 

w a i t i n g  t h i s  a f t e r n o o n ,  b u t  I a p p r e c i a t e  your l o y a l t y  i n  

w a i t i n g .  Backat c o l l e g e  i t  used t o  be you wai ted t e n  minutes  

for 8 f u l l  professor, and then you l e f t .  So I was ra ther  

s t a r t l ed  to see a room f u l l  of people here when I returned. 

However, thank you, and I imagine I w i l l  be s e e i n g  you a g a i n .  

I know you w i l l  be h e a r i n g  from m e .  

(Thereupon a t  3:15 p . m . ,  t h e  meeting was concluded . )  
I 
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